|\ SAMPLER 


For the accurate sampling of dust, fumes and smoke in 
air, the redesigned M.S.A. Electrostatic Sampler affords 
greater convenience and reliability than ever before. In 
looking ahead to the advances in the Industrial Hygiene 
and allied fields, this instrument has been improved to 
include a portable head, a high voltage indicator and a 
power pack capable of extended, as well as short and 
intermittent operations. 

The well balanced, portable head is connected to the 
instrument by a long section of electrical cable and may 
be conveniently carried by the operator during sampling. 
It includes a small motor blower which draws air 
through the precipitation chamber at a constant rate of 
3 CFM. For stationary sampling the head can be mounted 
on a retractable stand furnished with the instrument. 

The power pack is essentially a 60 cycle high voltage 
transformer, the output of which is rectified through a 
voltage doubling circuit. The output can be regulated 
within the range of 10,000 to 15,000 Volts DC to 
afford dependable corona-producing voltage at the head. 
The voltage on the ionizing wire is indicated on a meter 
in the power pack panel. 

The complete instrument is encased in a sturdy vinyl 
covered case measuring 18%" by 12%" by 7%" and 
weighs only 30 Ibs. Easy and convenient to carry. 

We will be glad to arrange a demonstration of the 
M.S.A. Electrostatic Sampler, without obligation .. . 
write for Bulletin CT-9. 
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é 1 ] 1 ad T yY Ciliary motion carries away exudative debris in 


the upper respiratory passages. This action 


i . should not be inhibited by therapy of the 
activity in common cold, sinusitis or hay fever. 


COLDS The isotonic solutions of Neo-Synephrine hydro- 


chloride permit ciliary function to continue in 
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an efficient manner, while congestion is reduced 
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BRAND OF PHENYLEPHRINE HYDROCHLORIDE 


Supplied in 4% solution (plain and aromatic), 1 oz. 
bottles. Also, 1% solution (when greater concentration is 
required), 1 oz. bottles, and 4% water soluble jelly, % oz. 


Neo-Synephrine, trodemark reg. U.S. & Canode. New 13, N.Y. Winosor, ONT. 
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from this series 
of isopropyl 
amines... 


The remarkably selective new bronchodilator, 
Orthoxine* Hydrochloride, was discovered 
among this series of isopropyl amines synthe- 
sized and studied by Upjohn research workers 
in their search for more effective antiasthmatic 
preparations. The in vitro and in vivo experi- 
ments showed that the starred compound, 
Beta - (orthomethoxyphenyl) - isopropy!- 
methylamine hydrochloride, possessed actions 
specifically indicated in treatment and pro- 
phylaxis of bronchial asthma. 


The major activity of Orthoxine Hydrochlo- 
ride administered by mouth is bronchddila- 
tion. Orthoxine in usual doses exerts minimal! 
vasopressor, cardiac and CNS side effects noted 
with the use of sympathomimetic “pressor” 
amines. Wide clinical experience has re- 
peatedly confirmed its specific therapeu- 
tic advantages. 

In the discovery and development of Orthox- 
ine, Upjohn research workers collaborated 
with clinical investigators to translate new 
knowledge into practical form for use in the 
practice of medicine. 


Trademark, Reg. U.S, Pat. OF. Brand of methozyphenamin« 


im the service of the profession of medicine 
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ACUTE INHALATION TOXICITY OF BERYLLIUM 
1. Four Definitive Studies of Beryllium Sulfate at Exposure Concentrations 
of 100, 50, 10 and 1 Mg. Per Cubic Meter 
HERBERT E. STOKINGER, Ph.D. 
GEORGE F. SPRAGUE Ili, MS. 
ROBERT H. HALL, Ph.D. 
NORMAN J. ASHENBURG, M.S. 


JAMES K. SCOTT, MD. 
AND 
L. T. STEADMAN, Ph.D.* 
ROCHESTER, N. Y. 


N OCCUPATIONAL disease among beryllium workers has recently 
been given widespread attention in both the scientific and the lay 
press. The various aspects of this disease in man and its diagnosis have 
been amply described.’ It is sufficient for the present purpose merely 
to quote the following passage from Vorwald,’® which gives a histologic 


description of the two pulmonary forms of the disease: “(1) the acute 
form, which resembles a pneumonic process, attended by edema, hemor- 
rhage and exudate, but without the polymorphonuclear leukocytic 
response that accompanies an acute infectious process, and (2) the 
chronic form, which is characterized by the presence of a diffuse pul- 
monary reaction and scattered granu)omatous lesions throughout both 
lungs,” the fatality rate of which ranges from 10 to 35 per cent. 


A comprehensive inhalation study was begun late in 1946, wherein 
the acute toxicity limits, the character of the toxic response and the fate 


* Other contributors to these studies were: Burrell H. Brown, Alton G. 
Pettengill and Donald A. Meier, chamber operators; Joseph J. DeVoldre, engineer ; 
Sidney Laskin, particle size analyst; Jean E. Mitchell, particle size technician; 
Frank A. Smith, clinical chemistry ; Myrtle Crossmon, clinical chemical technician ; 
Charles J. Spiegl, blood lipids; John W. Keating, oxygen tension studies; Florence 
M. Wescott, hematology technician; Raymond Kesel, animal care. 

1. (a) Machle, W.; Beyer, E., and Gregorius, F.: Berylliosis: Acute Pneu- 
monitis and Pulmonary Granulomatosis of Beryllium Workers, Occup. Med. §:671, 
1948. (b) Vorwald, A. J.: Pathologic Aspects of Acute Pneumonitis and Pul- 
monary Granulomatosis in Beryllium Workers, ibid. 5:684, 1948. (c) Wilson, 
S. A.: Roentgenologic Manifestations of Pulmonary Changes Due to Exposure to 
Beryllium Compounds, ibid. 5:690, 1948. (d) Hardy, H. L., and Tabershaw, I. R.: 
Delayed Chemical Pneumonitis Occurring in Workers Exposed to Beryllium Com- 
pounds, J. Indust. Hyg. & Toxicol. 28: 197, 1946. 
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and the distribution of beryllium in the animal body were investigated 
for the industrially important compounds. The present report is the 
first of a series describing the experimental production of the acute 
response that occurs on inhalation of beryllium compounds, The acute 
response to beryllium sulfate only is described. To date, the experimental 
production of the typical pulmonary granulomatous lesion of the chronic 
disease seen in man has not been produced in animals either in this or in 
other laboratories. 

At the time this study was started only one report * on the toxicity of 
beryllium compounds in animals was known. In that report the emphasis 
was directed toward the anionic part of the compounds tesied. Developed 
before the present problems were known, the study left certain gaps in 
information required for a full evaluation of the toxicity of beryllium. 

The toxicity of beryllium resulting from the inhalation of a mist of a 
soluble beryllium compound, beryllium sulfate, has been determined in 
four inhalation exposure studies between the limits of 100 and 1 mg. 
of the sulfate per cubic meter of air. The beryllium sulfate used in these 
studies is available commercially as a soluble crystalline tetrahydrate of 
high purity. Beryllium sulfate was the compound of choice because it 
was a typical soluble ionized beryllium salt which was believed to be the 
etiologic agent of a number of industrial illnesses of acute nature. The 
compound was administered to the animals as a mist in order to simulate 
as closely as possible the state in which the sulfate occurred in the 
neutralizing and centrifuging operations in certain beryllium-processing 
plants. 

The ultimate objective of these studies was to determine a ‘‘safe” 
level that does not give any evidence of acute poisoning during daily 
exposure to soluble beryllium compounds, an objective that was almost, 
but not quite, attained in the studies reported here. 


The four studies consisted of a preliminary “pilot” study at a high 


concentration followed by a series of three short term (acute) exposure 
studies at successively lower concentrations. In the pilot study, relatively 

2. Hystop, F., and others: The Toxicology of Beryllium, Bulletin 181, Division 
of Industrial Hygiene, National Institute of Health, United States Public Health 
Service, 1943 

3. Sprague, G. F., and others: A Two-Week Beryllium Sulfate Mist Inhala- 
tion Study in Animals at a Concentration of 100 mg./m%,-Atomic Energy Commis- 
sion, Unclassified Document UR-64, 1949; Beryllium Sulfate Mist Inhalation Study 
at Approximately 50 mg/m,* Atomic Energy Commission, Unclassified Document 
UR-63, 1949; The Inhalation Toxicity of Beryllium Sulfate Mist in Animals at a 
Concentration of 10 mg/m® for 95 Days, Atomic Energy Commission, Unclassified 
Document UR-65, 1949. Stokinger, H. E., and others: Beryllium Sulfate Mist 
Inhalation Study at 1 mg/m,® Atomic Energy Commission, Unclassified Document 
UR-&84, 1949 
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few tests of toxic response were employed other than weight response, 
mortality and pathologic anatomy. The short term studies involved 
larger numbers of animal species, the time of exposure was extended 
and more extensive biochemical, physiologic and hematologic tests were 
employed as definition of the toxic response became clearer. 


Throughout the four studies, exposure concentrations were controlled 
hourly by the collection of filter paper samples of the atmosphere of the 
chamber followed by ‘“‘on the spot” weighing. Later, more accurate 
values were assigned to concentration samples by means of spectro- 
chemical or colorimetric analyses. Avoidance of significant rises in 
chamber temperature was afforded by controlled air conditioning of the 
incoming air during the exposure periods. Further definition of the 
exposure conditions was made by periodic determination of the particle 
size of the mist droplets taken by the “cascade impactor” method. 
Electron microscope pictures gave verification of the exact dimensions 
and nature of the particulate material to which the animals were exposed. 

All exposures were preceded by at least a two week conditioning 
period when the animals were placed in an exposure chamber under 
conditions simulating actual exposure but without the toxic agent. 
During this time, control data were accumulated concerning all criteria 
later employed to evaluate toxicity. Animals were exposed in practically 
all instances in individual compartmentalized cages. Food and water 
were withheld during the six hours of daily exposure. For protection 
of personnel, exposure chambers were equipped with efficient counter- 
current steam scrubbers which removed beryllium dust from the effluent 
air stream. 

EXPERIMENTAL MATERIALS AND METHODS 

Inhalation Exposure Units.—The pilot study was performed in a chamber 
30 by 32 by 32 inches (76 by 81 by 81 cm.) constructed of wood with suitable 
observation windows on three sides. The total chamber volume was 504 liters, 
and the animals occupied 3.7 per cent of this volume. A removable square panel 
containing sampling ports constituted the front of the unit. Adequate air exchange 
was provided by an air inlet in the center of the chamber floor which circulated 
the air and the beryllium sulfate mist through the unit. Along one side a metal 
tank with circulating water aided in reducing temperature elevation during 
exposure. The chamber was operated under a slight negative pressure at an air 
turnover rate of 13.8 cubic feet (390 cubic decimeters) per minute or about two 
air changes each minute. 

Short term studies were performed in a chamber approximating a 7 foot cube 
(212 by 228 by 197 cm. high). Animal complements in the three studies approxi- 
mated 2 per cent or less of the chamber volume. The same methods were used as 
in the pilot study for dispersing and circulating the beryllium sulfate aerosol and 
for sampling and measuring particle size. Control of the temperature and the 
humidity of the chamber air during exposure, however, was better, owing to the 
larger chamber size and a “booster” refrigerating unit. 
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Aerosol Feed System——The aerosol feed was a modification of the type pre- 
viously used for sized particle inhalation studies with uranium dioxide * and con- 
sisted of a single jet system in which the air orifice was 0.04 inch (1 mm.) and 
the liquid jet was constructed of a 16 gage hypodermic needle. The liquid jet was 
mounted in place with a brass collar and adjusted in relation to the air orifice so 
as to achieve maximal aspirating efficiency. The generator unit was mounted in a 
1 gallon (3,785 cc.) jar which served as a container for the beryllium sulfate 
solution. By regulating the height of a secondary reservoir suspended outside of 
the chamber, one could maintain in the aspirator jar a proper level of solution in 
respect to the instrument's orifices. This permitted control of both the concentra- 
tion and the particle size of the aerosol, provided that the air flow through the feed 
was maintained within critical limits. The beryllium sulfate solution was prepared 
by dissolving 1,000 Gm. of beryllium sulfate tetrahydrate crystals® in 2,000 cc. 
of distilled water, filtered and placed in the feed container system. During con- 
tinuous operation, the concentration of the solution increased, and it was found 
that more consistent results were obtained if the specific gravity was kept constant 
+ 0.01. At successively lower air concentrations the specific gravity of the beryllium 


CALENDAR DAYS OF EXPOSURE 


Fig. 1.—Concentration of beryllium sulfate mist in exposure chamber—mean, 
maximal and minimal daily values during the study made with a concentration of 
1 mg. per cubic meter. 


sulfate solution was lowered with only minimal changes in air flow and jet orifice. 
Lowering the concentration of the solution tended to lower the particle size of the 
aspirated mist and increase the amount of associated water of the beryllium sulfate 
particle. An automatic arrangement that periodically raised the level of the liquid 


4. Wilson, H. B.; Sylvester, G.; Laskin, S.; LaBelle, C. W., and Stokinger, 
H. E.: The Effects of Particle Size on the Toxicity of Inhaled UO, Dust in 
Animals, J. Indust. Hyg. & Toxicol. 30:319, 1948. 
5. This was obtained from Brush Beryllium Corporation, Lorain, Ohio. 
Chemical and spectrographic analyses were made of the beryllium sulfate crystals 
in order to check the relative purity. Purity was determined by a colorimetric 
method for beryHium and found to be 98.3 per cent of the theoretic. The titratable 
acidity was determined as being equivalent to 10.65 cc. of normal hydrochloric acid 
per gram of beryllium sulfate tetrahydrate. The spectrographic analysis also 
showed the material to be of high purity, with only traces of copper, magnesium 
and silicon as contaminants. No detectable amounts of any of the following ele- 
ments were found: lead, arsenic, cadmium, mercury, bismuth, thallium, thorium 
and uranium, 
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over the jets and flushed away any formed crystals assured continuous operation 
of the feed. The average relative humidity of the chamber was not increased 
appreciably by the mist thus dispersed. 


Exposure Concentration, Chamber Temperature and Relative Humidity—The 
over-all means of beryllium sulfate concentrations of the four exposure studies 
with their standard deviations are given in table 1. The values were determined 
gravimetrically on air-dried filter paper samples and expressed as beryllium 
sulfate hexahydrate (BeSO, * 6H,O) as indicated from spectrographic analysis of 
these samples. A plot of the daily mean concentrations of beryllium mist, repre- 
sentative of the results obtained with the atomizing feed, is given for the 1 mg. 
level (fig. 1). Included also in table 1 for each of the four studies are the mean 
values for chamber air temperatures and relative humidities with their respective 
standard deviations. 


Particle Size Studies—The average size-mass medians of the aerosol mists 
approximated 1 micron for the three highest exposure levels and 0.25 micron for 
the lowest level. The average values of the geometric standard deviations were 
high and ranged from 1.7 to 2.8, with considerably greater values for individual 
samples (table 1). These values were determined from a series of daily samples 


Taste 1.—Exposure Conditions of Four Beryllium Sulfate Inhalation Toxicity Studies 


Aerosol Concentration 
Mean Particle Size 
Mg. BeSO, Std. Dev. Mass Geom. Std. Std. 
6GHeO/M Me. Be/M.* (Col.1) Samples Median 
47 2 10 
10 3 


0.95 0.3 


Chamber Temp. Rel. Humidity 


The standard deviation could not be calculated, because the particle size distribution was at the lower limit of accuracy 
of the measuring instrument, the “modified cascade impactor.” 


of chamber atmospheres taken during the 100 mg. (fourteen day) pilot study and 
from a less frequent sampling schedule during the longer studies. Sampling was 
performed by means of a “modified cascade impactor” according to methods already 
described. The collected samples were analyzed for beryllium by a colorimetric 
method.? From the logarithm-probability plots of the chemical analyses summed 
as cumulative percentages of material on each stage of the impactor together with 
stage calibration constants, the massmedian sizes and the geometric standard 
deviations for each sample were calculated. Microscopic examination of the 
impactor slides showed that although the material was initially dispersed as a mist, 
essentially dry crystals were collected from the two highest levels: samples of 
the aerosol obtained by settling, however, showed that each particle was a tiny 
crystal surrounded by a layer of water. At the two lowest levels the aerosol 
resembled a true mist, as shown by electron micrographs taken on an air sample 
at the 1 mg. level (fig. 2). 


Animal Species and Exposure Schedule.—A total of 11 species of animals have 
been exposed to beryllium sulfate mists. These have included representatives of the 


6. Laskin, S.: Measurement of Particle Size, National Nuclear Energy Series, 
New York, McGraw-Hill Book Company, Inc., 1949, div. 6, vol. 1, chap. 10. 

7. Neuman, W. F.: A Review of Analytical Methods for Beryllium, Saranac 
Symposium, September 1947, to be published. 
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Carnivora, Herbivora, Rodentia, Primates and fowls. The number of the animals 
in the four studies totaled almost 500. With the exception of cats, dogs and fowls, 
which were full grown young adults, the representatives of the other species were 
in an actively growing stage. Male albino rats (250 to 280 Gm.), rabbits (2.6 to 
4 Kg.) and female guinea pigs (400 to 600 Gm.) were used exclusively, but animals 
of both sexes of all other species were used randomly. 

The beryllium mist exposure was given on a regular daily six hour schedule 
five days each week until the conclusion of the study (table 1). 


© 


> 


Fig. 2—Electron micrograph of beryllium sulfate mist collected with thermal 
precipitator in exposure chamber atmosphere. 


RESULTS 


Mortality. 
mist were lethal to most species of 11 tested at concentrations of 50 mg. 


Repeated daily six hour exposures to beryllium sulfate 


per cubic meter and above. A sharp break in lethality was produced in 


all species save the rat at the 10 mg. level as shown in table 2. The 
1 mg. level produced no deaths in any of seven species exposed for 
one hundred days. Detailed mortality data for the four levels are given 
in table 3 in which it is seen that prolonged exposure at 47 mg. per cubic 


meter produced greater mortality than shorter exposure at 100 mg. per 
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cubic meter. Increasing the exposure period at the 10 mg. level failed to 
produce a similar effect. 


Death occurred at the two higher levels often within the first week 
in a number of species (goat, guinea pig and monkey), but deaths more 


Tas_e 2.—Lethal Levels for Species Tested 


Air 
Concentration, 

Lethal Not Lethal 
47 and 100.. . Most species Pig, chicken 
10 Rat (cat) Dog, monkey 
1 None All tested 


Effect on Species 


often occurred in the second or third week (rat) or even after one or two 
months (dog, cat), as shown in figure 3 for the 47 mg level. 


100 


WEEKS OF EXPOSURE 


_ Fig. 3.—Rate of mortality of animals exposed to an atmospheric concentration 
of beryllium sulfate of 47 mg. per cubic meter. 


Two separate response phases appear to be typical of acute beryllium 
poisoning: (1) a highly acute (lethal) phase in which the more sus- 
ceptible members of a species die, usually with strikingly little histologic 
change; (2) a delayed phase in which the surviving members on further 
exposure appear at first to suffer little effect but show increasingly 
severe changes, sometimes resulting in death, on continuing exposure up 
to a period of seven to ten weeks. 

Body Weight Response-——From the general arrangement of the 
weight response summary (table 4) it is apparent that the effects 
depended on the beryllium sulfate concentration and ranged from a 
severe loss of weight in most species (even in surviving animals) at the 
100 and 47 mg. levels to marked gains or weight maintenance or recovery 
at the lowest level (1 mg.). Generally losses of weight began to be 
observed after from one to two weeks of exposure in all species. It is 
important to note also that at the lower levels (10 and 1 mg.) animals not 
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Concentration, mg./M.* 100 a7 10 0.95 
Ex posure 
C'T* 6,600 mg. br./M.® By ©T = 11,000 mg. hr./M* CT = 4,20 mg. br./M.* 
Deaths Deaths Deaths Deaths 
per No. per No. per No. per No. 
Exposed  % Deaths Exposed Deaths Exposed % Deaths Exposed 
Rat 10/10 100 13/15 ot) 23/47 49 0/20 
Dog 4/o 0/5 0 Of5 
es ee 4/5 1/5 2 
Rabbit 0/3 0 1/10 10 2/24 8 0/23 
Guinea pe 1/10 30 7/12 wo 2/34 6 0/20 
Monkey. 1/1 100 0/5 0 0/2 
toatl 1/1 100 0 aw 
Harmater 2/10 2 w ne 0/83 
Mouse 1/38 0 4/38 10 
Chicker ol 0 
* CT concentration of beryllium sulfate times the duration of exposure. 
Taste 4.—Body Weight Response 
Concentration of beryliium 
sulfate, Mg./M.* 100 7 0.95 
Exposure 
Hours ra 234 426 426 
Loss * Mouse 13 Cat 45 Monkey 1 Cat... 1) 
Harmester 8 Pig 2s Dog.. il 10 
Guinea pig : Monkey + 25 (wt. recovered 
Rat Hameter 18 at 100 day) 
Chicken il 
Mouse 6 
Dog.. 4 
No change Rabbit Rat Rabbit { Hamster 
Goat Catt 
Gain Rabbit 7 Rat }.. 28 Rat 0 
Guinea pig Guinea pig } 100 Guinea pig...15 
Goat 108 Rabbit 5 


386 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


infrequently recovered to their original weights during continued daily 
exposure to the beryllium mist. Although loss of appetite paralleled loss 
of weight in most instances, this condition was not requisite for loss of 
weight. The important fact was noted at the lower levels that dogs 
consuming all of an adequate caloric diet frequently lost as much weight 


Taste 3.—Mortality 


Monkey 10 


* The values in the body of the table are expressed as percentage change in body weights 
at the end of exposufe from mean preexposure weight, unless otherwise noted. 

+ This is the Anding at the time of death, after one week of exposure. 

t The observation relates to surviving animals only. 


as those refusing the food. At exposure levels at which losses of weight 


were regained, dogs generally sustained losses for greater periods than did 


other species (sixty days at 1 mg. per cubic meter). 
Hematologic Response. 


associated with exposures to beryllium sulfate if these exposures were 
The anemia was 


prolonged sufficiently, 1. ¢., three to eight weeks. 


A red cell anemia was found consistently 


100 
426 ©? = 426 mg. br./M 


% Deaths 


4 
j 
| 
| 


STOKINGER ET AL—TOXICITY OF BERYLLIUM 387 


characterized by: (a) a decrease in the erythrocyte count of from 
1,500,000 to 2,000,000 per cubic millimeter; (>) a decrease in hemo- 
globin concentration of from 1 to 2 Gm. per hundred grams of blood; 
(¢) an increase in mean corpuscular volume to values of from 98 to 110 
cubic microns but (d) little if any change in the mean corpuscular 
hemoglobin concentration (fig. 4). This was observed in dogs exposed 
at the 1 mg. level. Rats and rabbits also exhibited decreases in erythro- 
cyte counts at the 47 and 10 mg. levels. The hematologic response was 
classed as a toxic anemia resembling a macrocytic type. 


MICRONS 
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Fig. 4.—Time sequence of responses of dog 1220 exposed daily to a beryllium 


sulfate mist in which the concentration of beryllium sulfate was 1 mg. per cubic 
meter, 


The higher levels of exposure, but not the 1 mg. level, produced 
leukocytosis in dogs, rats and rabbits, whose white cell counts rose 
to 40,000 per cubic millimeter (rats). This leukocytosis was transient 
and indicative of an acute response from which recovery occurred. Mild 
thrombocytosis was observed at the 47 mg. level (800,000 per cubic milli- 
meter—rabbits and rats) but not at the 10 mg. level. 

Biochemical Changes in Blood and Urine.—Ten variables were tested 
in blood and urine of the animals exposed at the four levels; five of these 
variables, namely, urinary protein, serum albumin, globulin and the 
phospholipid and cholesterol of the red blood cell, showed positive cor- 
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relation with progressive exposure to beryllium. Tests for urinary pro- 
tein were positive only at the exposure level of 50 mg. and above; 
in 50 per cent of 112 instances in which urine of dogs was tested 
the protein levels were above normal limits (10 mg. per hundred 
cubic centimeters); however, no such effects were seen in rabbits. 
At the 10 mg. level, only 1 of 5 dogs showed proteinuria (of 28 
determinations for all dogs, 8.2 per cent were positive). Mild hypo- 
albuminemia with a tendency toward hyperglobulinemia was found. 
Plots of the mean values of total protein, albumin and albumin-globulin 
ratio of 4 dogs are given in figure 5. It is to be noted that the albumin- 
globulin ratio remained relatively constant, but some changes occurred in 
the total serum protein.* 


The phospholipid and cholesterol * of the whole red blood cell of dogs 
exposed at the 1 mg. level were found to increase as exposure pro- 


gressed. Phospholipid was found to increase during the one hundred 


Fig. 5.—Mean serum protein values and albumin-globulin ratio of 4 dogs 


exposed to beryllium sulfate mist. Dogs 1204, 1215, 1220 and 1349 were used. 
| 


days of exposure by more than two standard deviations above the normal 
average for our dog colony, Less marked but definite elevations were 
noted in free cholesterol. 


Several biochemical tests were uninformative, e. g., those for blood 
f nonprotein nitrogen, sulfobromophthalein retention, blood calcium and 


8. Serum protein was determined by the method of P. EF. Howe (The Determi- 
nation of Proteins in Blood—Micromethod, J. Biol. Chem. 49:109, 1921). 

9. Lipid analyses were made according to the method of W. R. Bloor (The 
Determination of Small Amounts of Lipids in Blood Plasma, J. Biol. Chem. 77:53, 
1928; The Oxidative Determination of Phospholipid [Lecithin and Cephalin] in 
Blood and Tissues, ibid. 82:273, 1929) and R. Schoenheimer and W. M. Sperry 
(A Micromethod for the Determination of Free and Combined Cholesterol, ibid. 
106:745, 1934), with modifications introduced by C. E. Hunter, R. A. Knouff and 
J. B. Brown (The Microdetermination of Tissue Lipids, Ohio J. Sc. 45:47, 1945) 
and E. M. Boyd (The Oxidative Micro-Estimation of Blood Lipids, Am. J. Clin. 
Path. 8:77, 1938). 
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phosphorus, although in rabbits exposed at the 10 mg. level the last 
showed a trend toward a depressed level. 

Physiologic Changes.—Arterial blood oxygen tension (pO,) decreased 
in 3 of 5 dogs at the 1 mg. level to the extent of 15 to 29 per cent of 
their original, preexposure values of 90 mm. of mercury. The changes 
in tension are correlated in time with changes in blood cell constituents 


Fig. 6.—Section of lung showing the interstitial (peribronchial and perivascular ) 
accumulation of lymphocytes and plasma cells and the intra-alveolar exudate. 
Dog 1220; x 100. 


and with weight responses of 1 of the dogs exposed at the 1 mg. 
level (fig. 4). A progressive decrease in oxygen tension occurred 
after fifteen days’ exposure or about a week after the decreases that 
occurred in the volume of packed red blood cells. Changes in red 
blood cell count, hemoglobin and weight occurred simultaneously. 
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Blood gases were determined on a weekly schedule during exposure 
and two weeks prior to exposure by the method of Riley.’® 

Carbon dioxide tension of blood increased (25 per cent) only in 1 of 
5 dogs exposed at the 1 mg. level. 


Fig. 7.—Section of lung showing the prominent alveolar and bronchial epithe- 
lium. The intra-alveolar exudate consists of fluid, lymphocytes, phagocytes 


and desquamated epithelial cells. Dog. 1220; « 360. 


Histologic Response—All cellular responses at all levels of exposure, 
including the 100 mg. level, were confined to the lung. In many species, 
especially in rabbits, dogs, cats and monkeys, the pulmonary response 


10. Riley, R. L.; Proemmel, D. D., and Franke, R. E.: A Direct Method for 
the Determination of Oxygen and Carbon Dioxide Tensions in Blood, J. Biol. 


Chem. 161:621, 1945. 
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on prolonged exposure resembled closely that seen in human acute 
beryllium poisoning. Rats tended to give an atypical pulmonary 
response, at least in the early stages of exposure. 

In animals exposed to acute but not overwhelming concentrations of 
beryllium sulfate mist a typical pulmonary response consisted of a rather 
dense cellular exudation, both interstitial and intra-alveolar, which, in 
combination with atelectasis and emphysema, produced great distortion 
of the lung structure. The alveolar pattern was obscured in many areas 
by dense accumulations of lymphocytes, monocytes, occasional plasma 
cells and other mononuclear cells with relatively few neutrophilic leuko- 
cytes. Within the alveoli the exudate included numerous phagocytes 
containing granular material, presumably nuclear debris, in the cyto- 


Taste 5.—Beryllium Content of Various Tissues of Monkeys, Cats, Dogs and Rabbits Which 
Had Been Exposed to Beryllium Sulfate Hexahydrate Mist (Concentration, 1 Mg. per 
Cubic Meter) for Ninety to One Hundred Days 


(Results Expressed as Micrograms Be per Gram of Fresh Tissue) 


2 Monkeys 5 Dogs 4 Cats 5 Rabbits 


Range Range Range Range 
Low High Low High Low Mean Low 
1.3 61 01 0.06 1.6 2.3 O4 
Pulmonary lymph nodes.. 1. 2. 0.00 0.0 
Liver..... 0.01 0.08 0.01 0.004 J 6.002 
Kidney... ... sexe. 0.002 0.01 0.008 0.001 
Spleen.. 0.9002 0.01 0.008 OM 2 0.01 
Femur gland ‘ 2 0. 0.01 0.06 0.002 0.08 


plasm. Figure 6 is a photomicrograph of the lung of dog 1220 (exposed 
at 1 mg.) seen in low power to show structure ; figure 7 is the same lung 
seen in high power to show cellular detail. Erosion and proliferation 
of bronchial and bronchiolar epithelium were also detected. Rabbits 
exposed at the 10 mg. level and examined serially throughout more than 
four hundred hours of exposure showed an excellent correlation in the 
extent of damage with time, progressing from mild to extensive pul- 
monary involvement; no such correlation was observed, however, at the 
lowest level (1 mg.). 

High levels of exposure, 47 and 100 mg. per cubic meter, produced 
acute pulmonary lesions, typified by hemorrhage and edema with marked 
polymorphonuclear response (granulocytic) in the first two to three 
weeks, changing to phagocytic at the seventh week. 

Beryllium Content of Tissues —Tissues of 6 animals species were 
analyzed spectrographically for beryllium by methods developed for the 
purpose by Steadman."' In three species exposed at the 10 mg. level 


11. Steadman, L. T.: Spectroscopy Section, Atomic Energy Commission, 
Declassified Document UR-18, 1948. 
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for ninety-five days (four hundred and twenty-six exposure hours), the 
rat, the guinea pig and the dog, the amounts of beryllium in the lung 
averaged 11.6 and 4 micrograms per gram of fresh tissue, respectively. 
In the dog the order of deposition in decreasing concentration was lung, 
pulmonary lymph node, liver, tooth, femur and kidney. 


The results of a similar analysis made on four species at the end of the 
| mg. exposure study (four hundred and twenty-six exposure hours) are 
given in table 5. The average lung content was similar in rabbits, 
monkeys and dogs (0.6 to 1.6 microgram per gram) but in the cat a 
distinctly lower mean lung content of beryllium was found (0.08 micro- 
gram per gram). 


. Twelve tissues and organs including blood, other than those listed 
in table 5, had beryllium contents too low to indicate significant storage, 


i. e., averaging less than a few millimicrograms per gram. 


COM MENT 


Jeryllium Toxic per Se.—As a result of these studies there is no 
: question that beryllium has inherent toxicity. The only report in the 
literature dealing with the experimental inhalation toxicity of beryllium 
salts attributes the response not to beryllium but rather to the toxicity 
of the acidic ions of the salts such as sulfate and fluoride. The present 
studies adduce ample evidence that beryllium per se is toxic. 


1. Grades of acute response have been produced in animals from the 
inhalation of beryllium sulfate mist that ranged from highly lethal for the 
majority of the laboratory species at 100 and 50 mg. per cubic meter 
of beryllium sulfate hexahydrate to just detectable injury in some species 
at | mg. (40 micrograms of beryllium per cubic meter). The inter- 
mediate level of 10 mg. per cubic meter constituted an LD,, for rats 
only, but produced in most species a typical chemical pneumonitis. Thus, 
at any level over a hundred fold change in concentration a typical 
response has been produced characterized (a)| by the pulmonary injury 
with associated disturbances in the hemopoietic system, (b) by a toxic 


anemia and (¢) by changes in nitrogen metabolism as evidenced by 


severe loss of weight and serum protein changes. 


2. Further evidence of the inherent toxicity of beryllium is afforded 


by the study of LaBelle,’* who by intratracheal injection of finely divided, 


freshly ground beryllium metal produced the typical acute pulmonary 
disease in rats, with death of all the animals in from 100 to 350 days. A 
10 per cent mortality, the normal rate in our rat colony, occurred in 


the controls given injections of saline solution, at the end of one year. 


12. LaBelle, C. W.: Preliminary Studies on the Toxicity of Beryllium: The 


Effect of Intratracheal Injection of Beryllium in Animals, Saranac Symposium, 
1947, to be published. 
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No anion can be implicated in the picture of response developed in 
these studies. 

3. Control studies with sodium sulfate '’ adduce additional evidence 
for the intrinsic toxicity of beryllium. This was done because the cur- 
rent literature contains interpretations * that throw doubt on the toxicity 
of beryllium per se and point instead to the putative toxicity of the 
acidic ions of its salts, especially sulfate and fluoride. The inhalation 
experiment duplicated the conditions of the pilot test exposure in which 
beryllium sulfate had been used as the toxic agent except that sodium 
acid sulfate solution, with a Py of 1.7, equivalent to that of beryllium 
sulfate solution, was substituted for the beryllium salt solution. Twenty 
guinea pigs and 10 rats were exposed daily for more than two weeks 
to 75 mg. per cubic meter of the acid sulfate salt."* This treatment 
produced no general loss of weight in either species. In 1 rat and 2 
guinea pigs that died from causes apparently unrelated to the exposure, 
however, some loss of weight occurred. No lesions were observed in 
any animal that could be attributed to the exposure to the monosodium 
acid sulfate mist, either in small groups of animals killed ten days after 
the start of exposure or in the remainder of the exposed animals killed 
sixteen days after the termination of the exposure. In a few rats and 
guinea pigs, some atelectasis was seen, a rather common finding in these 
species. Some bronchial epithelial proliferation, similar to that observed 
in the beryllium sulfate inhalation study, was occasionally seen in the 
guinea pig. As no lesions other than these were found, it was con- 
cluded that the sulfate ion has no appreciable toxicity in rats or guinea 
pigs. It may be inferred, therefore, that since inhaled beryllium sulfate 
at this concentration is lethal, beryllium ion must be the toxic agent. 


Beryllium, Highly Toxic.—Not only is beryllium unquestionably a 


toxic agent but it is toxic in such small quantities as to be among the 
most toxic chemically of all elements yet investigated. As seen from 
analyses of tissues (table 5), responses have been brought about in 
animals with beryllium in quantities in the order of millimicrograms. 
Such small quantities require a reorientation in our toxicologie think- 
ing. And these amounts give rise to acute effects. It is reasonable from 
field survey evidence ** to believe that still smaller quantities produced 

13. Sprague, G. F., and others: Inhalation Toxicity of Sodium Acid Sulfate 
Mist at 75 mg/m?® in Animals, Atomic Energy Commission, Unclassified Document 
UR-48, 1948. 

14. Seventy-five milligrams per cubic meter of monosodium acid sulfate is 
equivalent to 60 mg. per cubic meter of sulfate ion; 100 mg. of beryllium sulfate 
hexahydrate per cubic meter is equivalent to 45 mg. of sulfate ion per cubic meter 

15. Eisenbud, M., and others: Non-Occupational Berylliosis, J. Indust. Hyg. 
& Toxicol. 31:282, 1949. 
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the chronic disease in human beings and that “safe” levels of beryllium 
exposure may ultimately be set well below 1 microgram per cubic meter 
of air. 

Characteristics of Acute Experimental Beryllium Poisoning.—The 
1 mg. study has especial importance in this regard because of its border- 
line nature and because it brings to clearer focus more than any other 
study presented here the manifold responses caused by beryllium. 
Chief among these have been the demonstration of (1) anemia in dogs, 
(2) changes in certain red cell lipids of these animals, (3) changes in 
the amounts of serum proteins indicative of deranged nitrogen metabo- 
lism, (4) changes in arterial oxygen tension and (5) acute inflammatory 
response in the lung. Although most of these changes have been found 
in the dog, there is no reason to think that these changes were unique 
for this species. Many of these responses have been observed in rabbits 
exposed to beryllium oxide dust.'* 

Demonstration of Anemia.—Daily inhalation of the soluble beryllium 
sulfate mist at a concentration of 40 micrograms of beryllium per cubic 
meter produces an anemia in dogs resembling the macrocytic type after a 
period of from three to eight weeks. Three of 5 dogs exhibited a drop in 
red blood cell count of approximately 30 per cent some time during 
exposure ; the other 2 showed trends in this direction. Four of 5 dogs 
showed a hemoglobin decrease of approximately 20 per cent, and all 5 
dogs showed a decreased hematocrit value of 10 per cent or greater of 
their original value with concomitant rise in mean cell volume. These 
changes are considered remarkable in view of the low exposure con- 
centration of beryllium. Anemia has in fact been an infallible criteria of 
the acute experimental response even in the absence of other positive 
signs. It is not unreasonable to believe that the response at the 40 
microgram level might not have been apparent had the mist particles not 
been of the small size of 0.25 micron. This is obviously a point of 
considerable significance in regard to the potential response from any 
inhaled particulate. 

It is interesting to note the tendency toward return to normal in the 
blood picture of the dogs as well as in other respects such as weight and 
arterial oxygen tension values, despite continued exposure. Return to 
normal was slight in 1 dog, noticeable in another, marked only in 1 
other, but 2 showed no tendency in this direction. This observation 
may be considered a preliminary indication that it is only the occasional 
animal that cannot recover from acute effects of beryllium, a fact which 
may account for the relatively low incidence of the chronic disease; or, 
alternatively, that animls may differ from man in their capacity to recover. 


16. Hall, R. H., and others: Inhalation Toxicity of Beryllium Oxide, to be 
published. 
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Changes in Biochemical Constituents.—-Further evidence that changes 
are occurring in the hemopoietic system as the result of beryllium poison- 
ing was the finding of quantitative changes in the phospholipid and free 
cholesterol of the whole red blood cell. Although these changes were 
not large, they were of sufficient magnitude and uniformity to be con- 
sidered significant. 
Changes in serum protein were more noticeable, as evidenced by a 
trend toward hypoalbuminemia and hyperglobulinemia. These effects 
were noted even at the borderline exposure of 1 mg. per cubic meter 
and are taken as evidence that beryllium interferes in some way with 
nitrogen metabolism possibly through interfering with the metabolism 
of some amino acid required for synthesis of these proteins. Related 
to this was the more general finding that loss of weight consistently : 
occurred in beryllium-poisoned animals irrespective of whether the 
animals ate their food or not. 


TasLe 6.—Comparative Deposition of Beryllium at 1 and 10 Mg. per Cubic Meter 


Mg./M.* 10 Mg./M.* 


1 M. 

L Average Values, 5 Dogs, 100 Days \verage Values, 4 Dogs, % Days 

4 Be/Gm. Tissue He ‘Gm. T ssue 

P.L.N.* co Oe 146 Lung ‘4 100 
Lung.. 0.6 100 P_LN 2 
Femur.. ; . 0.08 5 Liver 18 5 
Spleen... 0.008 i Kidney 08 » 
Liver 0.006 1 Femur 
Kidney. .. 6.008 05 Spleen 0.004 1 


* P.L.N, indicates pulmonary lymph nodes. 


The measuring of arterial oxygen tension as evidence of the action 
of beryllium in modifying the ability of the lung to exchange blood gases 
gave positive findings in 3 of 5 dogs, a questionable finding in 1 and no 
significant alteration in another. It would appear, however, from these 


results that arterial oxygen tension is not a good measure of acute pul- 
monary beryllium effect until rather extensive lesions have been estab- 
lished ; it does not appear to be a suitable indicator of incipient pulmonary 
damage. 


The histologic lesions observed in the lungs of these animals were 
fundamentally the response to an irritant and were in many respects 


similar to the lesions observed in the acute human beryllium pneu- 
monitis '?; the granulomatous lesions characteristic of the chronic human 
cases were not seen in these studies. 

Comparative Deposition of Beryllinm at 1 and 10 Mgq. per Cubic 
Meter.—A striking difference was noted in the distribution of beryllium 


17. Dutra, F. R.: The Pneumonitis and Granulomatosis Peculiar to Beryllium 
Workers, Am. J. Path. 24:1137, 1948. 
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in the various tissues of dogs from a comparison of the animals exposed 
at 1 and 10 mg. per cubic meter. The mean values of beryllium content 
for each tissue at both levels of exposure are given in table 6 along with 
the beryllium contents of these tissues in comparison with that of the 
lung as 100 per cent. 


In addition to the differences in order of tissue deposition of beryl- 

lium with change in exposure concentration, the large change from 

45 per cent to 1 per cent in the liver is especially noticeable; likewise 

the change from 20 per cent for the femur and kidney at the 10 mg. level 

to values of 5 and 0.5 per cent, respectively, at the lower level. These 

differences in the deposition in liver, femur and kidney are interpreted 

to mean that at lower concentration less colloidal and more soluble 

beryllium is transported than at the tenfold higher level, owing to the 

low absolute concentration of soluble beryllium. From solubility 

studies,’* beryllium is conceived as being transported through the body 

in extremely minute quantities (millimicrograms per cubic centimeter 

of blood); when the low solubility product has been attained, further 

beryllium transport may be accomplished in a colloidal form. This 

could be interpreted to mean in the | mg. inhalation study that most of 

the inhaled beryllium salt is transported in the soluble form as evidenced 

by the low liver and spleen contents (0.006 to 0.008 micrograms per 

gram). The far higher contents of liver (1.8 micrograms per gram) 

at the 10 mg. level is taken as evidence of capture of the colloidal beryl- 
lium by the reticuloendothelial cells. 


SUMMARY AND CONCLUSIONS 


Acute beryllium poisoning with pulmonary lesions closely resembling 
those in man has been produced in animals exposed daily by inhalation to 
F a beryllium sulfate mist. No transition of this response to the lesion of 

chronic granulomatosis developed at any level after more than three 
months’ exposure. 


There are indications that inhaled beryllium sulfate produces mani- 
: festations other than pulmonary injury and that beryllium gives rise to a 
complex set of responses. Among these are anemia, which resembles 
the macrocytic type, changes of blood cell constituents and disturbances 
of nitrogen metabolism. 


Sufficient evidence has been adduced, (a) in the four inhalation 
studies, (b) in control sodium sulfate studies and (c) in studies with 
pure beryllium metal (intratracheal instillation) that the toxic mani- 


festations observed are the result of the action of beryllium itself and not 


mainly the result of the associated anions of its acidic salts. 


18. Scott, J. K.; Newman, W. F., and Allen, R.: The Effect of Added Carrier 
on the Distribution and Excretion of Soluble Be’, J. Biol. Chem., to be published. 
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The acute toxic responses have been produced at exposure concentra- 
tions and by tissue concentrations of beryllium far below those usually 
encountered in chemical toxicity. Amounts of the order of a few milli- 
micrograms have been found in tissues where changes have been noted. 

A one hundred fold range of beryllium sulfate mist concentration 
has been explored and a number of the characteristics of the acute 
response in animals have been established for periods of exposure vary- 
ing from fourteen to one hundred days. The type of pulmonary 
responses was little changed by decreasing the concentration from the 
100 and 50 mg. levels to the 1 mg. level. 

Prof. Harold C. Hodge took a continual interest in these studies and made 


many helpful suggestions in the planning of the experiments and criticism of the 
manuscript. 
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ACUTE INHALATION TOXICITY OF BERYLLIUM 


ll. The Enhancing Effect of the Inhalation of Hydrogen Fluoride Vapor on 
Beryllium Sulfate Poisoning in Animals 


H. E. STOKINGER, Ph.D. 
N. J. ASHENBURG, MS. 
J. DeVOLDRE, B.C.E. 


J. K. SCOTT, M.D. 
AND 

F. A. SMITH, Ph.D. 

ROCHESTER, N.Y. 


HE POTENTIALLY toxic dusts or vapors encountered in 


industrial processes are frequently not single compounds but mix- 


tures of various substances. An example is provided in the manufacture 
of beryllium, in which hydrogen fluoride (HF) or other fluorides have 
been shown not only to be present but actually to exist in amounts 


several hundred fold greater than that of beryllium.' Moreover, 


clinical disease has occurred among plant personnel at sites where these 


mixed exposures existed. The study described in the following pages 
was performed to determine whether hydrogen fluoride has a poten- 


tiating effect on beryllium poisoning by inhalation. The results 
obtained in rats confirm this hypothesis. Such results have obvious 
: implications in industrial exposures. 


MATERIALS AND METHODS 


Numbers of Animals and Schedule of Exposures.—Eighty albino male rats 
were exposed in groups of 10 and 20 each to beryllium sulfate mist, or to hydrogen 
fluoride vapor, or to both agents in alternating daily exposures, for one month, a 
period of sufficient duration to determine the effects of exposure at the concentra- 
tion used. -The concentration of beryllium sulfate hexahydrate selected averaged 


9 mg. per cubic meter. This concentration, as had previously been established,* 


This paper is based on work performed under Contract W-7401-eng.-49 for 
the Atomic Energy Project at the University of Rochester, Rochester, N. Y. 

From the Division of Pharmacology and Toxicology and the Department of 
Radiation Biology of the University of Rochester School of Medicine and 
Dentistry. 

1. Hodge, H. C., and others: Progress Report of Preliminary Studies of 
Beryllium Toxicity, Atomic Energy Commission, Unclassified Document M-1997, 
1947 

2. Sprague, G. F.; Pettengill, A.; Brown, B., and Stokinger, H. E.: Inhala- 
tion Toxicity Study of Beryllium Sulfate at 10 mg./m*, Atomic Energy Commission, 
Unelassified Document UR-65, 1949 
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produces a 50 per cent mortality in albino rats in a period of three weeks. The 
exposure concentrations of hydrogen fluoride averaged 8 mg. per cubic meter. A 
concentration of hydrogen fluoride of 7 mg. per cubic meter had been previously 
shown to produce either inconsequential pulmonary changes in rats or no response 
at all.? 

The 20 rats that were treated with the two agents alternately were exposed 
for six hours daily five days per week, first to the beryllium aerosol in one exposure 
chamber and then, the next day, to the fluoride gas in another exposure chamber, 
for a total exposure period of sixty-two hours for each aerosol over a thirty day 
period. Two exposure chambers were in operation simultaneously daily, This 
procedure of unmixed exposures was adopted partly because of expediency * and 
partly because the duration of the inhalation of each agent could be varied so that 
it would be less than that of the controls, thus making the interpretation of 
toxicologic results more certain. The reasoning was that if mortality or other 
criteria were as severe when the period of the inhalation of each agent was reduced 
(lowered CT values), then hydrogen fluoride would have potentiated beryllium 
toxicity; hydrogen fluoride is certainly not lethal at the C7 values employed. 


Taste 1.—Schedule of Exposures 


Average Total 
Initial Period of 


Weight, Type of Exposure, 
Aerosol Rats Gm. Exposure Hr. 
Experimental group 
Beryllium sulfate and hydrogen fluoride... 20 254 Alternate 62 
days (each agent) 


Control groups 


Beryllium sulfate............ 20 261 Daily 

Hydrogen fluoride : 20 286 Daily m4 

Hydrogen fluoride. 280 Alternate 62 
days 

Beryllium 10 161 Alternate 62 


Serving as controls for this study were four additional groups of rats: One group 
of 20 was exposed daily to hydrogen fluoride at an average concentration of 8 mg. 
per cubic meter (one hundred and twenty-four exposure hours); another group 
of 20 rats was exposed to beryllium sulfate hexahydrate mist at an average con- 
centration of 9 mg. per cubic meter; a third and a fourth group of 10 rats each 
were exposed on alternate days to the aforementioned concentrations of hydrogen 
fluoride vapor and beryllium sulfate hexahydrate mist, respectively. The schedule 
of exposures is given in table 1. All animals of whatever group listed as receiving 
sixty-two hours of exposure to either agent received this exposure at the same 
time and under the same conditions. 


3. Stokinger, H. E., and Eriksen, N.: Inhalation of Gaseous Hydrogen 
Fluoride at a Concentration of Approximately 7 mg/m’, National Nuclear Energy 
Series, New York, McGraw-Hill Book Company, Inc., 1949, div. 6, bk. 1, vol. 1, 
pt. 2, p. 1050. 

4. The animals were not simultaneously exposed in one chamber to both 
beryllium sulfate and hydrogen fluoride vapor as a mixed aerosol because a mixed 
exposure would have provided opportunity for prior interaction of the two aerosols 
and would have presented analytic difficulties in determining one constituent in 
the presence of the other. 
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It is seen in table 1 that the animals exposed alternately to beryllium sulfate 
and hydrogen fluoride constituted the only experimental group; the four other 
groups served to control responses related to the type of aerosol and responses 
related to the duration of the exposure. It is to be noted also that the ages of the 
animals of the first four groups as listed are closely similar, whereas those of 
the animals given alternating beryllium sulfate exposure are considerably lower. The 
use of the younger age group introduces no complication, because it has been 
shown for male rats such as were used in this study that the response to beryllium 
poisoning is the same in young adults as in old adults.° (This was not true for 
female rats, the younger of which were more susceptible than the older.) 


Preexposure Conditioning of Animals.—Prior to being exposed to the aerosols 
the 80 rats were given a two week conditioning (six hours daily) in an inhalation 
chamber under conditions which resembled in every respect those maintained 
during the exposure period, including the withholding of food and water. During 


this time, two preexposure determinations of body weight were made on each group 
of animals 


Criteria of Response.—Three criteria of the degree of response were employed: 


(1) weight change; (2) mortality and (3) histologic pulmonary damage—both 
aerosols being primarily pulmotoxic agents. Weights were recorded weekly for 


the individual animals and averages made for the groups. Sections of lung tissue 


were taken either at the conclusion of the thirty calendar days of experiment 
(twenty-one days of exposure) or after death of any rat if the tissues were suitable 
for examination. 

The pooled samples of five osseous tissues, viz. root and crown of the tooth, 
alveolar portion of the mandible, and diaphysis and epiphysis of the femur, taken 
from surviving rats of all five groups at the end of the study, were analyzed for 
fluoride content 


Exposure Units and Aerosol Feeds —The two chambers in which the different 
rat groups were exposed by inhalation to the aerosols were approximately 6 foot 


(2 meter) cubes equipped with inlet and exit ducts for circulating air, fans and 
air-conditioning units as‘ described previously.6. Animals occupied 0.1 per cent of 
the volume of the beryllium sulfate chamber and 0.2 per cent of the hydrogen 


fluoride chamber 


fexrosol Feeds 


designed by Mr. S. Laskin.’ The mist was dispersed by regulated air pressure from 


-The beryllium mist dispersal unit was an aspirator jet type 


a flask containing a solution of beryllium sulfate tetrahydrate of specific gravity 
1.10 

The hydrogen fluoride was introduced into the chamber simply by aspirating 
gaseous hydrogen fluoride from a tank of 47 per cent hydrofluoric acid maintained 


5. Unpublished results. 

6. Sprague, G. F.; Meier, D.; Pettengill, A.; Smith, F. A.; Scott, J. K., 
and Stokinger, H. E.: Beryllium Sulfate Mist Inhalation Study at 50 mg/m!, 
Atomic Energy Commission, Unclassified Document UR-63, 1949. 

7. Wilson, H. B.; Sylvester, G. E.; Laskin, S.; La Belle, C. W., and Stok- 
inger, H. E The Relation of Particle Size of Uranium Dioxide Dust to 


Toxicity Following Inhalation by Animals: Preliminary Report, J. Indust. Hyg. 
& Toxicol, 30:319, 1948. 
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Fig. 1—Cross section of the aspirator. O. PD. indicates outside diameter ; 
/. D., inside diameter. 
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Fig. 2—Maximal, minimal and mean daily values of the concentration of 


beryllium sulfate hexahydrate and of the temperature and the relative humidity of 
the exposure chamber. 
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at room temperature. Dry compressed nitrogen vaporized both hydrofluoric 
acid gas and water, and this gaseous mixture was forced into the inlet duct of the 
chamber. Control of the gas flow was maintained by changing the pressure of 
the nitrogen and the jet level with respect to the acid level. The aspirator was 
made of 1/16 inch (1.5 mm.) (internal diameter) platinum tubing; the aspirating 
tank was a paraffin-coated monel® metal tank (fig. 1). 

Beryllium Sulfate Mist Concentration.—The mean concentration of 124 samples 
was 9.2 mg. per cubic meter calculated as beryllium sulfate hexahydrate; the 
standard deviation was approximately 3 mg. per cubic meter. The beryllium mist 


Be SO, 6 


$ 


FREQUENCY OF OCCURRENCE 
8 


FREQUENCY OF OCCURRENCE 


MG. Beso, 


MG. HF/M? 
Fig. 3.—Frequency distribution of the concentrations of beryllium sulfate hexahy- 


drate and hydrogen fluoride in 124 and 244 samples of the two aerosols, respectively, 
in the inhalation exposure chambers. 


samples were taken by filter paper dust sampler, according to well established 
procedures, hourly throughout the six hour exposure day for twenty minutes each. 
Occasional spectrographic analyses of the filter paper dust samples were made to 
check the filter paper weighings. The curves of the average daily concentration 
and of the maximal and minimal values are shown in figure 2. In figure 3 are 
plotted the frequencies with which the average values occurred throughout the 
experimental period. The distribution skewed toward the higher values. Of the 
124 samples, 19 were greater than 12 mg. and 13 were below 6 mg. per cubic meter. 
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Temperature and Relative Humidity—The temperature of the chamber during 
the thirty day beryllium exposure averaged 72 F., ¢ = 1, in 166 readings, with two 
values each of 66-67 and 76-77 F., respectively. Plots of the mean, maximal and 
minimal values are given in figure 2. Also shown in figure 2 is a similar plot 
of the relative humidity of the chamber during exposure. The average relative 
humidity, based on 166 readings, was 55, ¢= 7, per cent; three extreme values 
were 35-39 per cent and two were 70-74 per cent. 


CONCENTRATION 
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Fig. 4—Maximal, minimal and mean daily values of the concentration of the 
hydrogen fluoride and of the temperature and the relative humidity of the inhalation 
exposure chamber. 


Hydrogen Fluoride Concentration—-The mean concentration of 244 samples 
was 8.5 mg., ¢ = 5 of hydrogen fluoride per cubic meter. Samples were taken for 
analysis by drawing chamber air through 0.005-normal potassium hydroxide and 
were titrated directly with chrome azurol-S.* The plots of the average daily 


concentrations and of the maximal and minimal values are given in figure 4. In 


8. Milton, R. F.; Liddell, H. F., and Chivers, J. E 
Method for the Estimation of Fluorine, Analyst. 72:43, 1947. 
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figure 3 is plotted the frequency distribution of the concentrations of the 244 
samples; 17, or 7 per cent, were above 15 mg. per cubic meter, and 80 were below 
5 mg. per cubic meter: 

Temperature and Relative Humidity-—The temperature of the hydrogen fluoride 
exposure chamber averaged 72 F., ¢ = 2, in 267 readings during the thirty day 
exposure. One extreme value was obtained of 64-65 F.; three others were 78-79 F. 
Plots of the average, maximal and minimal daily values are given in figure 4. 
Also shown in figure 4 are the plots of the relative humidity. The average relative 
humidity, based on 264 readings, was 61, ¢=7, per cent. Five extremely high 
values were obtained of 78-83 per cent. 


RESULTS 
The toxicologic findings in all three criteria of response, mortality, 
weight change and histologic pulmonary damage, were clearcut and 
unequivocal. Not only were clear differences observed among groups 
receiving different treatment, but the correlation of these differences 
among groups was consistent, confirming the hypothesis under test, 
viz., that hydrogen fluoride vapor enhances the poisonous action of 
beryllium. The same number of rats died among those exposed to 
the two agents alternately as died among those exposed daily to 
beryllium sulfate alone (40 per cent). The mortality rates of the 
other three groups were inconsequential (2 per cent). Substantiating 
this were the data concerning weight response. The only rat groups 
to show weights lower than the preexposure mean values were the 
same two groups showing the 40 per cent mortality. Histologic evi- 
dence indicated equivalent degrees of pulmenary response in the group 
alternately exposed to beryllium sulfate and hydrogen fluoride (sixty- 
two hours) and the group continually exposed to beryllium sulfate 
(one hundred and twenty-four hours), thus making a clear demon- 
stration of the enhancing effect of hydrogen fluoride. Details of the 
three responses in each group follow. 

Mortality.—In two groups only was any essential mortality observed 

in the rats exposed to beryllium sulfate and to hydrogen fluoride 
alternately and in those exposed continually to beryllium sulfate. Iden- 
tical mortality rates of 40 per cent had occurred in both groups by the 
twenty-first day ; at this time the first group had had forty-two hours of 
exposure ; the second group, eighty-four hours. The rate of attainment 
of this value, however, was somewhat slower in the group exposed to 
both agents, the first death occurring on the thirteenth day; the animals 
in the group exposed to beryllium sulfate alone began to die on the tenih 
day. Plots of the mortality rates of the exposed groups are given in 
figure 5. It is seen that one rat (10 per cent) of the group exposed 
on alternate days to hydrogen fluoride died, but on autopsy the cause of 
death appeared to be infection, evidenced by an enlarged spleen, the only 
significant finding. 
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Body Weight Response-—As may be observed in figure 6, in which 
the average weights of both the total and the surviving animals are 
plotted, the only two groups of rats to show weights lower than the pre- 
exposure levels were the groups alternately exposed to beryllium sulfate 
and hydrogen fluoride and the groups continually exposed to beryllium 
sulfate, i.e., those groups showing the 40 per cent mortality. Losses 
of weight that occurred during exposure in the first group amounted to 
7.5 per cent at the maximal peak. In the group exposed to beryllium 
sulfate alone, the maximal peak loss was 4 per cent. The maximal 
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Fig. 5.—Cumulative percentage mortality of rats used in the beryllium sulfate 
hydrogen fluoride inhalation study. 


losses were noted in both groups on the sixteenth day just before the 


peak of mortality was reached. Thereafter, recovery to weight values ' 


somewhat greater than preexposure levels occurred. Weights of the 


other three groups of rats never dipped below preexposure levels, and 


two groups showed progressive weight increases during exposure. 


Histologic Damage of the Lung.—Pulmonary edema was noted only 


in those two groups involved in the other physiologic responses and was 


as marked in those rats dying from inhalation of both agents as it was in 
those dying from inhalation of beryllium alone. Phagocytic cells such 


as are seen in acute beryllium injury were observed in the edema 
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fluid of these animals. Liver, kidney and spleen of the animals examined 
showed no lesions that might be attributed to either beryllium or fluoride. 

Animals killed at the end of the period over which they were 
exposed to beryllium and fluoride showed the same type of pulmonary 
lesions as those exposed to beryllium alone; comparison of degrees of 
injury was not possible between groups, as damage was minimal in most 
rats examined, moderate in a few. 
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Fig. 6—Mean weights of rats used in the beryllium sulfate-hydrogen fluoride 
exposure study. 


Of the 10 rats exposed to beryllium sulfate on alternate days and 
killed at the end of the experiment, only 2 showed changes of the type 
seen in the group exposed to beryllium daily. A similar lack of findings 
in the lungs of rats exposed to hydrogen fluoride either on alternate days 
or daily was noted. No lesions were observed to result from the hydro- 


gen fluoride exposure; 4 of each group exposed to hydrogen fluoride, 
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however, had purulent bronchitis, owing to a common murine infection. 
Edema and hemorrhage were notably absent in these last groups, indi- 
cating a low grade exposure to hydrogen fluoride. 

Fluoride Content of Tooth and Bone.—The fluoride contents of bone 
and tooth samples taken from rats exposed to beryllium sulfate and 
hydrogen fluoride alternately are compared with similar values from 
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Fig. 7.—Fluoride contents of bone and tooth samples taken from rats used in 


the beryllium sulfate-hydrogen fluoride inhalation study. (The results represent 
pooled sampies—10 to 20 animals. 
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appropriate control rats and are presented in the bar graphs of figure 7. 
The results are given for pooled samples removed from each group at 
terminal sacrifice of the surviving rats. 

Inspection of the histograms (figure 7) of the ashed samples leads 
to the following conclusions: Exposure of rats to hydrogen fluoride 
for ten alternate days with exposure to beryllium sulfate mist in the 
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intervening ten days leads to a 1.3-fold increase on the average in the 
fluoride content of all hard tissues analyzed over that for animals exposed 
similarly to hydrogen fluoride alone. Thus, alternate daily inhalation of 
these two toxic agents results in an appreciable increase in deposited 
fluoride over that resulting from a comparable inhalation of hydrogen 
fluoride alone. Moreover, it will be noted that the increase is not 
greater in magnitude for the tooth root and crown than for the femoral 
and alveolar tissue, as it was in the rats exposed to hydrogen fluoride 
only. 

Using the fluoride content of osseous tissues of rats exposed to 
hydrogen fluoride for ten alternate days as a basis of comparison, we 
see that rats exposed to hydrogen fluoride for twenty consecutive days 


TasLe 2.-Comparison of Percentages of Skeletal Fluoride Deposited in Rats 
Exposed for Ten Days to Hydrogen Fluoride Alone and Rats Exposed for 
Ten Days to Hydrogen Fluoride and Beryllium Sulfate Alternately 
(Skeletal Fluoride in Rats Exposed for Twenty Days to 
Hydrogen Fluoride Being Taken as 100 Per Cent) 


Experimenta! Group 
A 


HF. BeSO« 
10 Days 
Alternately Difference 
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Tissue 
Root 
Crown. 
Epiphysis 22 
Diaphysis. is 
Alveolar 7 


have a 1.8-fold increase in the fluoride content of tooth root and crown 


and a 1.5-fold increase in the fluoride deposited in the alveolar bone of 
the mandible and in the femoral epiphysis and diaphysis. 


There is no appreciable difference in fluoride content of bone and 
tooth tissue between rats exposed for ten alternate days and rats exposed 
for twenty consecutive days to beryllium sulfate mist. 

The increased deposition of fluoride resulting from the inhalation of 
beryllium sulfate mist is also brought out by comparing the fluoride 
deposited in the ten day hydrogen fluoride rats and the ten day hydro- 
gen fluoride—beryllium sulfate rats with the fluoride deposited in rats 
exposed to hydrogen fluoride alone for twenty days. Such a compari- 
son, on a percentage basis, is shown in table 2. 

Inspection of the data presented in table 2 shows clearly the increased 
deposition of fluoride occurring in the rats exposed to both beryllium 
sulfate mist and hydrogen fluoride as compared with those exposed to 
a comparable quantity of hydrogen fluoride alone. The increase, 
ranging from 14.6 to 23.3 per cent, is greatest in the alveolar bone of 
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the mandible. The tooth root shows the smallest increase. There was 
no evidence from femur weight that retarded bone growth would account 
for the increased concentration of fluoride in bone. 


COMMENT 


The self-consistent and definitive results in mortality, weight 
response and pathologic changes leave no doubt as to the enhancing 
effect of hydrogen fluoride vapor on beryllium sulfate poisoning by 
inhalation in rats. The mechanism by which this occurs is far from 
understood. It is possible that fluorine combines with beryllium in vivo, 
producing a more toxic compound, beryllium fluoride (BeF,), or pro- 
duces some related fluorine compound more toxic than is the original 
beryllium sulfate inhaled. Inhalation experiments have been performed * 
that show beryllium fluoride to be more toxic than beryllium sulfate, 
weight for weight of compound. Some such explanation is consistent 
also with the finding of increased fluoride content of bone and tooth in 
animals exposed to beryllium in the presence of hydrogen fluoride, the 
fluoride content of the bone appearing to be influenced by the presence of 
beryllium. Certainly beryllium fluoride is a far less dissociated com- 
pound than is beryllium sulfate, and in consequence it is reasonable to 
suppose that the compound may have a toxicity characteristic of the 
molecule as a whole rather than of the beryllium ion alone. This appar- 
ent influence of beryllium in increasing the bone storage of fluoride is 
certainly unexpected; no such influence is observed in animals exposed 
to fluoride compounds of uranium. In these instances, uranium and 
fluoride are deposited independently of each other *® in the ratio of 
approximately 100 to 1,000 times as much fluoride as uranium, atom 
for atom, depending on the nature of the uranium compound, that is, 
whether it is UF,, an insoluble compound, or UF,, a soluble compound. 

Compensatory retlex hyperventilation and cardiovascular changes 
offer still other possible explanations, the former for the enhanced beryl- 
lium response, the latter for the increased amount of fluoride deposited 
in bone. It is possible that pulmonary injury caused from hydrogen 
fluoride might lead to hyperventilation of the animals during inhalation 
of beryllium sulfate mist, so that beryllium is retained in amounts greater 
than those normally retained by animals not so exposed at the same 
concentration of beryllium. The reflex stimulation of greater circula- 
tion would conceivably lead to greater transport or distribution of 
fluoride and ultimately greater deposition in bone. 


9. Unpublished data. 

10. Pharmacology and Toxicology of Uranium Compounds, National Nuclear 
Energy Series, New York, McGraw-Hill Book Company, Inc., div. 6, vol. 1, pt. 3, 
chap. 21. Discussion. 
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Evidence is not altogether lacking concerning the mechanism by 
which these reflexogenic changes might occur in fluoride poisoning. It 
has been shown that during fluoride poisoning blood lactic acid is 
increased.’ This substance, in turn, is known to stimulate the carotid 
body to increased respiration.'* The quantitative aspects of the relative 
effects of the carotid and aortic bodies and the medulla oblongata in 
regulating respiration are not clear, nor is the relation of blood carbon 
dioxide tension and fluoride poisoning known. 

The possibility also exists that hydrogen fluoride and beryllium could 
behave independently in the body and yet give the appearance of a 
potentiating action. 

SUMMARY 

Hydrogen fluoride vapor inhaled by rats at a concentration of 8 mg. 
per cubic meter produced a twofold enhancement of the toxicity of a 
soluble beryllium salt inhaled by these rats. 

A beryllium salt inhaled as a mist at 9 mg. per cubic meter alternately 
with hydrogen fluoride increased the deposition of fluoride in tooth and 
bone to 1.3 times that from the inhalation of similar quantities of hydro- 
gen fluoride vapor alone at 8 mg. per cubic meter. 


Dwight FE. Gardner analyzed the skeletal structures for fluoride content. 


11, Handler, P.; Herring, H. E., Jr., and Hebb, J. H.: Effects of Insulin 


in Fluoride-Poisoned Rats, J. Biol. Chem. 164:679, 1946. 


12. Schmidt, C. F., and Comroe, J. H., Jr.: Respiration, Ann. Rev. Physiol. 
3:160, 1941 
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REHABILITATION: THE THIRD PHASE OF MEDICINE 


HOWARD A. RUSK, M.D. 


Professor and Chairman of the Department of Rehabilitation and Physical Medicine, 
New York University College of Medicine 


NEW YORK 


NE OF the most significant advances made in rehabilitation during 

the war and the immediate postwar period was the increased rec- 
ognition that medical rehabilitation is an integral part of medical care. 
Just as satisfactory job placement is the capstone of any successful 
program of services to the handicapped, medical rehabilitation, start- 
ing at the earliest possible moment following acute illness or injury, 
is the foundation, since all subsequent processes of rehabilitation are 
built on the residual disability which medical care cannot eliminate. 


Unfortunately, until the advent of World War II, medical care, 
psychologic guidance and vocational rehabilitation were too frequently 


considered as separate and distinct processes bearing little relationship 


to one another. That they are interdependent and inseparable has 
been demonstrated in the successful programs of military and veterans’ 
hospitals and recognized in civilian rehabilitation by the Barden- 
LaFollette Amendment, which expanded the federal-state vocational 
rehabilitation programs to include physical restoration, psychiatric 
services and medical care, as well as vocational guidance and training. 

Immediately following World War I, as today, there was a develop- 
ing interest in increasing rehabilitation opportunities for the disabled. 
Unfortunately, this interest died in most quarters in the years between 
the wars. From it, however, did come some pioneer institutions, such 
as the Institute for the Crippled and Disabled in New York, the Cura- 
tive Workshop of Milwaukee and the Cleveland Rehabilitation Clinic, 
and some basic legislation, such as the Federal Vocational Rehabilitation 
\ct of 1920. The failure of the movement to gain sufficient impulse 
to become an accepted part of medicine can be attributed to the fact 
that it was restricted largely to guidance, trade training and the purely 
vocational aspects of rehabilitation. Few provisions were made for 
physical restoration or reduction of the physical disabilities of the 
trainees. When the physical condition became static, a program of 
vocational rehabilitation was planned, “training around” the disability 


Read at the Eighth Annual Congress on Industrial Health, Chicago, Jan. 5, 
1948. 
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rather than attempting to reduce or eliminate it through medical pro- 
cedures. In many instances a comparatively large expenditure of time 
and money was necessary for vocational rehabilitation when, by the 
expenditure of a few weeks and a more modest sum, the physical 
limitations could have been substantially reduced, with an automatic 
increase in employment potentials. Such restrictions made it impos- 


sible for the state vocational rehabilitation program operating under 
the Federal Office of Vocational Rehabilitation to give adequate 
service to the clients. This failure is shown by the fact that until the 
basic philosophy of this program was changed by the Barden-LaFollette 
Act of 1943, in twenty-three years only 210,000 persons were rehabili- 
tated, although over a million persons were in need of such aid at any 
given time during that period. 


EXTENT OF THE PROBLEM 


Although attention has been centered on the disabled veteran, the 
extent of disability among the civilian population is far greater. There 
were 19,000 amputations in the military services during World War II, 
but over 120,000 major amputations during that same period in the 
civilian population. Approximately 1,500 men, were blinded while in 
military service during the last war, but 60,000 civilians lost their sight 
during that period. Some 265,000 men were permanently disabled as a 
result of combat injuries during the war, but 1,250,000 civilians were 
permanently disabled by disease and accidents in those four years. 


The lack of a systematic approach requiring the reporting of cases 
of physical disability to a central agency, together with varying subjective 
interpretations of “what constitutes a handicap,” makes it difficult to 
stake out the boundaries of the field of rehabilitation and services to 
the handicapped in any quantitative fashion.' 


Although a census of such conditions has, been proposed on several 


occasions (legislation calling for an exhaustive census of the physically 


handicapped was introduced in Congress by Senator Johnson of Colo- 


rado on March 15, 1948), there has never been a complete survey of 


the extent of disability in the United States. The most comprehen- 


sive source of information at present is the National Health Survey, 


conducted by the United States Public Health Service in 1935-1936. 


In this survey: 800,000 families in 83 cities and 23 rural areas of 19 


states were studied. The reliability of this study has been demon- 


strated in other extensive surveys on the extent of chronic disease 


and crippling conditions, and although the results are not strictly com- 


parable, owing to different methods of enumeration, they bear out the 


fact that the National Health Survey is probably the best source avail- 


able for such statistics, although later studies indicate that its results 


are conservative. 
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According to the National Health Survey, there were in 1935-1936 
some 23,000,000 persons in the United States handicapped to some 
extent by disease, accidents, maladjustment or war. One third of all 
draftees were rejected as unfit, and more than 1,000,000 had to be dis- 
charged shortly after induction. It is estimated that there are over 
7,000,000 persons in the United States disabled by diseases of the 
heart and arteries, 6,850,000 by rheumatism and arthritis and 2,600,000 
by orthopedic conditions. A statistical review of the casualties in indus- 
try for 1947 shows there were 2,050,000 persons temporarily disabled 
and 91,000 persons permanently disabled by accidents or occupational 
disease. One in every 30 workers suffered a disabling injury. 

These are the numbers, but they cannot tell the story of pain, anxiety 
and suffering, and all the vital secondary problems that disease and dis- 
ability leave in their wake. Aside from pain and tearing personal and 
family anguish, the economic costs of disease and disability are stag- 
gering. 


REHABILITATION IN THE VETERANS ADMINISTRATION 

There was, at the war’s end, some skepticism concerning the value 
of medical rehabilitation in the Veterans Administration hospitals for 
veterans of World War I and those of the regular army who suffered 
from chronic illness and long-standing disabilities. Some physicians 
feared that young veterans of World War II would soon lose ambition, 
initiative and a desire for personal independence through associating 
with older veterans who had developed “hospitalitis” as a result of 
boredom, frustration and hopelessness. In the veterans’ hospitals where 


comprehensive, dynamic rehabilitation programs are now in opera- 


tion, the results have been not only revealing but encouraging. 

Typical of the results obtained in the physical medicine rehabilita- 
tion program of the Veterans Administration are those described in a 
study of 130 neurologic patients in one hospital, all but 2 of whom were 
World War I veterans, and many of whom had not been out of bed in 
ten years. After nine months of physical medicine rehabilitation, 25 
had left the hospital and were employed; 40 others had been discharged 
to their homes capable of light work, and, of those remaining, 30 were 
ambulatory and undergoing advanced rehabilitation and 25 were capable 
of some self care. All but 10 of the group had shown worth while, 
permanent improvement. With a five year expectancy of these patients, 
and a “per patient per day” hospitalization cost of over $12, rehabilita- 
tion of this one group has saved the government, and eventually the 
taxpayer, over $1,125,000. It seems logical to conclude that a simi- 
lar program for the civilian chronically ill would result in comparable 
savings. 
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In another Veterans Administration hospital, that at Manhattan 
Beach in Brooklyn, through rehabilitation, 74 of a group of 126 
patients suffering from such diseases as arthritis, multiple sclerosis, 
paralysis, thromboangiitis obliterans, or Buerger’s disease, paralysis 
agitans, or Parkinson's disease and heart disease, have been discharged 
from the hospital and are now at home taking care of themselves. All 
but 13 of the original 126 patients have recovered all or part of their 
ability for self care. At the beginning of this program 83 of these 
veterans were “completely hopeless,” but 49 in that group have been 
rehabilitated to the point of complete independence, and the remainder 
are capable of self care. 


THE 


ECONOMIC ASPECTS 
The experience of the Federal Office of Vocational Rehabilitation 
has also shown how rehabilitation pays off economically. During 1944, 
43,997 persons underwent rehabilitation under the joint federal-state 
vocational rehabilitation programs. Of this group, 22 per cent had 
never held jobs, and 90 per cent were not employed at the time they 
started their rehabilitation. After rehabilitation their average annual 
wage was $1,768, compared with $148 before. The cost of their 
rehabilitation was but $293 per case, a single rather than annually 
recurring expenditure. 

These spectacular results cannot be attributed to the short labor 
market of the war. The approximately 44,000 persons rehabilitated 
in 1947 are now earning at a rate exceeding $70,000,000 a year, and 
this year they will pay over $5,000,000 back to the federal government 
in federal income taxes alone. The average rehabilitant was 31 years 
of age. If he works during 85 per cent of his life expectancy, he will pay 
$10 in federal income taxes for each dollar the federal government has 
invested in his rehabilitation. 

Prior to rehabilitation many of these persons, now wholly or partially 
independent, were on local relief rolls at an annual cost of from $300 
to $600 per case. A study of such cases made in 1947 in Michigan 
revealed that the relief costs of 400 cases had been approximately 
$250,000,000 per year. This same group after rehabilitation were 
removed from relief rolls, for they were earning more than $600,000 
a year. In another state the program gave rehabilitation services to 
a young man of 21, who was drawing $30 a month, or $360 a year, 
in aid to the blind. He was, trained to operate a vending stand, and 
at the end of his first year on the job, paid $250 in income taxes. 


REHABILITATION 


IN THE GENERAL HOSPITAL 


Although it seems that medical rehabilitation would be an important 
service in every civilian hospital, there has been little or no attempt 
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until recently to establish such programs in civilian hospitals. Of the 
1,468,714 hospital beds in the United States in 1946, 44 per cent were 
in geveral hospitals, but these 641,331 beds cared for over 92 per cent 
of all patients. Rehabilitation, in varying degrees, has been available 
in some tuberculosis, mental and other specialized hospitals, but little 
provision has been made for dynamic convalescent care and rehabili- 
tation of the over 14,000,000 persons who are patients in general 
hospitals each year. 

The first comprehensive, total medical rehabilitation program in 
any community hospital in this country has recently been inaugurated 
at Bellevue Hospital in New York. Operated under the professional 
direction of the department of rehabilitation and physical medicine of 
the New York University College of Medicine, the service has bed 
facilities for 80 patients and offers a program of physical medicine, 
physical therapy, occupational therapy, corrective physical rehabilita- 
tion, social service, corrective training of speech, psychologic services, 


vocational guidance, education and planned recreation. It operates as a 
department affording service to the other departments of the hospital 
in much the same manner as the roentgenology division and laboratory, 


and treats both inpatients and outpatients referred from the other 
services of the hospital. — 

The rehabilitation service in Bellevue Hospital, which will be 
enlarged to 600 beds when the construction planned is completed, is 
the first step in a plan originated by the Department of Hospitals of the 
City of New York to provide all patients in municipal hospitals of the 
city with medical rehabilitation services. The extent to which rehabil- 
itation has entered into future planning in New York in both public 
and private hospitals is shown by a recent report of the Hospital 
Council of Greater New York, in which it was suggested that 25 per 
cent of the bed capacity of the city’s general hospitals should be allo- 
cated for convalescence and rehabilitation. This would mean one such 
bed for each 1,000 of the city’s population. 

The interest in extending medical rehabilitation services in general 
hospitals is not limited to New York or other large urban areas.. The 
Veterans Administration has recently established such services as major 
departments with specified bed allocations in all Veterans Administra- 
tion hospitals. The New York State Preparedness Commission has 
recommended that the state should build or acquire and support a 
chronic disease hospital center contiguous to a general hospital and 
close to a medical school, and staffed and operated by contract, in each 
five geographic regions of the state. They have also recommended 
that “rehabilitation services for the disabled and chronically ill be 
developed as rapidly as possible in selected general hospitals through- 
out the state by providing the services of trained personnel and by 
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providing funds for the training of needed personnel in this field.” 
Today, throughout the nation, there are some 150 communities which 
have expressed interest in establishing rehabilitation services either 
independently or in conjunction with existing hospitals, medical schools 
or community agencies, 


TRAINING OF 


PERSON NEL 


Facilities, however, will be of little help in meeting this tremendous 
problem without sufficient trained personnel to operate them. Today, 
a number of medical schools have recognized the increased need for 
some training of general practitioners in this field and for training of 
specialized personnel. One of the first medical schools to start such 
a program is New York University, where a department of rehabilita- 
tion and physical medicine has been in existence as a major department 
of the college for over a year and a half. Major activities are training, 
research and the care of the patients, carried on through the teaching 
facilities of the College of Medicine, the Rehabilitation and Physical 
Medicine Service of Bellevue Hospital, and the Institute of Rehabilita- 
tion and Physical Medicine of the New York University-Bellevue 
Medical Center. 


RETRAINING FOR DAILY LIVING 


Although this country has the finest institutions in the world for 
definite medical care and for vocational training, there are, outside of 
the military services and the Veterans Administration, but a small hand- 
ful of agencies and organizations equipped to provide for physically 
disabled patients the necessary retraining in the physical skills which are 
requisite for later vocational training. In the past the physician has 
thought too much about the physiologic and clinical aspects of the 
patient’s disability. The vocational counselor too frequently has 
thought only in terms of physical skills which could be utilized voca- 
tionally. Between the two, however, there is a wide area through 
which most physically handicapped persons must go after their definite 
medical care is completed and before they are ready to undergo voca- 
tional training. In this area lies the physical retraining in skills nec- 
essary for the carrying on of the activities inherent in daily living and 
common to all types of work. 


Except in a few isolated instances, the physically handicapped person 
must be retrained to walk and travel, to care for his daily needs, to use 
normal methods of transportation, to use ordinary toilet facilities, to 
apply and remove his own prosthetic devices, to communicate either 
orally or in writing. These are such simple things, but they are fre- 
quently overlooked, although the personal, vocational and social success 
of the handicapped person is dependent on them 
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The practice of rehabilitation, for the compensation physician, or for 
any physician, begins with acceptance of the basic philosophy that the 
doctor's responsibility does not end when the acute illness is ended or 
the surgical correction is completed; it ends only when the patient 
is retrained to live and work with what is left. This basic concept of 
the doctor’s responsibility can function only if rehabilitation is con- 
sidered an integral part of medical service. Any program of rehabilita- 
tion is only as sound as the basic medical service of which it is a part. 
The diagnosis and the prognosis must be accurate, for it is on them 
that the feasibility of retraining is determined. 

In addition to the general diagnostic studies, the medical evaluation 
of the orthopedically handicapped patient must include muscle tests, 
determinations of the range of motion of the joints and tests for the 
needs inherent in daily living. In the rehabilitation service at Belle- 
vue Hospital, a check list of 96 items is used to determine these factors. 


They include: first, bed activities, such as moving from place to place 


in bed, and the ability to sit erect; second, toilet activities ; third, eating 
and drinking ; fourth, dressing and undressing, which include tying and 
untying shoe laces, manipulating buttons, zippers and other fasteners, 
and applying and removing braces; fifth, hand activities, for example, 
winding a watch, striking a match and usitig various door knobs and 
latches ; sixth, wheel chair activities, getting from the bed to the wheel 
chair, from the wheel chair to the bed, and in and out of the bathtub; 
and, finally, elevation activities, which include the abilities needed for 
walking, climbing and traveling. 

At first glance the test list sounds formidable and time consuming, 
but in reality the information may be easily obtained by a therapeutist, 
a nurse, a well trained volunteer or a member of the patient's family. 
From special check sheets used for charting the activity accomplish- 
ments, information is readily available both on the status of the patient 
at the time of admittance and on his progress while he is undergoing 
rehabilitation. 

The use of such a check list is particularly helpful if personnel are 
not available to do definitive muscle and range of motion testing, for 
the daily activities tests can be completed in the hospital, the physician’s 
office or the patient’s home. The subsequent training program is 
designed to teach the patient the various skills and activities which 
he cannot perform. 

In Bellevue Hospital and the Institute of Rehabilitation, after the 
basic medical work-up, and the tests for range of motion, competence 
of muscles and needs of daily living, the physician, in conference with 
other staff members, prescribes a five hour a day program for the 
patient. These prescribed activities include training in the ambula- 
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tion and elevation rooms and the remedial gymnasium, occupational 
therapy, physical therapy, speech therapy or any other activity which 
may be helpful in meeting the specific needs of the patient. 

In a comprehensive rehabilitation program, vocational guidance 
specialists should also be available to give guidance and make tests, 
in order that the patient may be started on a prevocational exploratory 
and work testing program as soon as it is medically feasible. However, 
good basic rehabilitation can be carried out with the personnel available 
in the ordinary general hospital if such a program is properly organized, 
supervised and prescribed by the physician. 

Regardless of the type of disability, the responsibility of the com- 
pensation physician relative to his patient cannot end when the acute 
injury has been cared for. It ends only when he has seen that the 
patient has been properly referred to those agencies and institutions 
which are equipped to rehabilitate and retrain the person with a residual 
physical disability. The compensation physician who fails to see that 
his patients receive the full benefits of modern methods of medical 
rehabilitation and retraining is in the same category as the physician 
who persists in using dietary restriction alone in the management of 
diabetes when insulin is available, for medical care is not complete 
until the patient has been trained to live and work with what he has 
left. 
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ARSINE POISONING 
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N THURSDAY Jan. 6, 1949, at 11:30 a.m. the physician of the 

industrial plant under study telephoned requesting that the per- 
sonnel of the Industrial Hygiene Division of the Indiana State Board of 
Health visit this plant immediately in order to study an outbreak of 
what appeared to be arsine poisoning. Just prior to the call one worker 
out of 21 exposed had died at 11 a.m. 

Our staff arrived at the plant at 5 p.m. and immediately undertook 
epidemiologic studies. The plant managers contributed the following 
information: On Tuesday night January 4, two box cars of dross were 
placed on the siding so that they might be unloaded the following day. 
The box cars were adjacent to the loading platform and opposite the 
receiving department (fig. 1). The material had been sent to the 
Indiana plant from a plant in Illinois and represented the dross accu- 
mulated by that plant for one year. Shipments occurred on Dec. 30, 
and 31, 1948. The dross was shipped 72 drums to the car, and each 
drum contained 700 to 1,000 pounds (about 315 to 450 kilograms) of 
dross. The cans were old oil drums with the tops removed. This 
dross was a by-product of the manufacture of a lead-tin alloy in an 
Illinois plant where aluminum is used according to the Behr process 
(U.S. Patent No. 1,957,930). This dross is dubbed “sawdust concen- 
trate” or “aluminum concentrate” by the refining industry in general.’ 
However, technically, sawdust concentrate is developed under Patent 
No. 1,957,852 (Sheaff). On Wednesday, January 5, at 9 a.m., 11 men 
were assigned the job of sampling this material on the floor of the 
receiving department. One box car was unloaded by hand truck, and 
the drums were weighed, stacked and processed as indicated in figure 1. 
The other box car was not unloaded at that time. 


1. Division of Industrial Hygiene, Illinois State Board of Health: 


Personal 
communication to the authors. 
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The sampling technic involved the dumping of 40 drums of dross on 
the floor and then mixing the material by shoveling (fig. 1). After 
the mixing procedure, the dross was shoveled into skips except that 
every tenth shovel was taken as part of a composite sample. This 
sample was collected in a skip. Through this technic a random sample 
could be obtained for laboratory analysis. The floors in the sampling 
area were dry and were made of concrete. 

The sampling process continued and soon the workers ran out of 
skips. At that time the dross not used for sampling was placed in a 
pile adjacent to the original pile. By noon the foreman noticed that 
the accumulated pile of dross, estimated at a ton or two of material, was 


_Fig. 1.—Drawing to show the area where barrels were dumped, the large par- 
titionless building, location of unloading dock and the loose material on the floor 
to the left of the second row of drums 


hot and had begun to emit a white smoke that looked a great deal like 
steam. No odor was noticed by any of the men. All the men were 
wearing United States Bureau of Mines lead-approved filter respirators. 
This is a routine measure employed by the plant for the control of lead 
dust exposure when lead-bearing dross is worked. The men went to 
lunch at 12 noen and returned at 12:30 p.m. The material was still 
smoking at this time, and all men were ordered to place the smoking 
material into all available skips and empty drums and then cover the 
skips with lime in order to prevent evolution of the “smoke” and to 
reduce combustion. When all the piled material was in skips and 
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covered with lime, the sampling procedure was continued by dumping 
only one or two drums of dross and, after sampling, reloading the dross 
into the original containers. Also, in the afternoon, several of the men 
were occupied in breaking up the large lumps of dross about the sample 
pile. 

\t approximately 3:30 p.m. it was noted that the sample skip was 
smoking. The foreman stated that the steam rose to a height of some 
4 feet (about 1 meter) above the skip. Again no odor was present. 
When this was noticed, the sample material was covered with lime and 
taken to the outside. To finish this task, the afternoon shift of 10 men 
began the “clean-up” and had everything removed to the outside of the 


Tas_e 1.—Occupations of Exposed Workers, Exposure and Clinical Outcome 


Hospi Recov 
Worker Occupation Shift Exposure talized ered 


Drove truck i Intermittent 7 br 
Cut cans and dumped...... 5 1 Intermittent 7 hr. 
Cut ecans....... 1 Intermittent 2% hr. 
Dumped cans........ 1 Intermittent 7% hr. 
1 Intermittent 4% br. 
1 7% br 
Broke lumps and shoveled.... . br 
Dumped cans and drove train Had 3 hr. rest inter- 
mittent 
Weighed and limed........... l Intermittent 7% hr. 
Supervised ‘ . Intermittent 7% hr 
Drove truck... Intermittent 4 hr. 
Drove train Intermittent 4 hr 
Hooked and shoveled 2% hr 
Limed cans and helped worker | 2% br 
Shoveled Intermittent 2% hr. 
Drove truck..... Intermittent 4 br 
Loaded cans Intermittent 2 br 
Loaded cans on 2 Intermittent 2 hr. 
Drove truck ‘ 4 Intermittent 1% hr 
Supervised... Intermittent 44% br 


plant by 10 p.m. The remaining box car was unloaded intact, limed 
and stored outside. This material was stacked in the yard, labeled 
“poison” and covered with canvas. Thus, in summary, the workers 
processed 49 drums; the other 95 drums remained intact. 

The plant had been receiving this type of dross previously without 
any difficulty. No difficulty was reported at the plant manufacturing 
the dross.’ 

Soon after the first shift ended its work (4:30 p.m.) the first worker 
became ill. At 5 p.m. this worker reported to the plant dispensary and 
stated that he had a headache, nausea and low backache and that he 
had vomited and had voided a red urine. He was immediately hos- 
pitalized. By 6 p.m. 4 other first shift workers were hospitalized with 
the same symptoms. The first employee that became ill died at 11 a. m. 


2 No 
: No 
4 No 
No 
Yes No a 
7 Yes No 4 
No 
9 Yes Yes 
10 Yes Yes 
4 No 
Yes No 
16 Yes Yes és 
17 Yes Yes 
18 Yes Yes 
19 Yee Yes 
No 
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on Thursday, January 6. At this time 13 men were hospitalized, and 1 
had already died. In the following four days 3 other men died. Of the 
men hospitalized, 5 were from the first shift and 8 from the second. 

From table 1 it is evident that the mortality was equally divided 
between the two shifts and that the second shift had the greater number 
of men hospitalized, 8, compared with 5 on the first. Most of the men 
had an intermittent exposure. Concerning the men who died, it is noted 
that the exposure of the 2 who were on the second shift was continuous 
for two and one-half hours and that of the 2 on the first shift was seven 
and one-half hours. The shorter exposure for the second shift can 
readily be ascribed to the fact that by this time the chemical reaction 
generating arsine was under way. 


EPIDEMIOLOGIC FINDINGS 


Such was the background of developments obtained on our arrival. 
In order to test the hypothesis advanced by the plant physician that 
the illness was due to arsine, a sample of urine was immediately obtained 
from worker 16 (table 1). Through use of the plant laboratory we 
were able to determine that the urine contained 3.08 mg. of arsenic 
per liter of urine. With this supportive evidence that an arsenical 
compound was involved, energetic efforts were immediately made to 
determine the source of the arsine and the mechanism of its formation. 

\ survey of the material in the barrels showed it to be lime covered. 
The lime was removed from a barrel and about 25 pounds (11 kilo- 
grams ) of the dross just under the lime was taken to the plant laboratory. 
Under a hood it was tested for the possible evolution of arsine. For 
detecting arsine we drew the air, at the rate of 100 cc. per minute, 
through a tube containing cotton moistened with lead acetate solution 
followed by a narrow tube containing a strip of paper * impregnated 
with mercuric bromide (g or j of fig. 2). This arsine detector is essen- 
tially the exit portion of a conventional Gutzeit apparatus." Lead 
acetate will remove any hydrogen sulfide and stibine produces almost no 
color with mercuric bromide. The dross sample was treated with water 
and tested at room temperature, then heated, and later hydrochloric 
acid was added, but none of the procedures caused the development 
of arsine. It was observed that this particular sample was moist when 
taken from the drum. All laboratory work was abandoned at 2 a.m. 
and a visit was made to the hospital’ The hospital findings are 
reported in another paper by the physicians in charge of these patients. 

The following morning, Friday, January 7, additional field studies 
were undertaken in conjunction with the company’s own industrial 


2. We use the Hanford-Pratt arsenic strips. 
3. Official and Tentative Methods of Analysis, ed. 3, Washington, D. C., 
Association of Official Agricultural Chemists, 1930, p. 307. 
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hygiene staff. The staff referred to had arrived by plane overnight. 
During the morning we tried testing several of the drums by forcing a 
l inch (2.5 cm.) pipe deep into the dross and applying suction at the 
open end of the pipe, but the results were negative. Drums of both cars 
were tested. We then changed our method of sampling. At this time 
one of the workers suggested that we punch large holes in the sides of 
the steel drums near the bottom. With this procedure, tests for arsine 
immediately became positive with dross from several of the drums. 
\rsine was detected in the air of the opening at the bottom of the drum, 
and much arsine was evolved on adding water to the dross. This finding 
was substantiated by the company’s industrial hygiene staff. Four 
samples of dross were then collected in airtight glass containers and 
brought back to Indianapolis for further laboratory studies. 

Prior to our leaving, everyone concerned agreed that the remaining 
material was not be processed but was to be isolated in one part of the 
large storage yard and covered with canvas and labeled “POISON.” 


On Jan. 5, 1950 the material was still stored in the yard. 


REVIEW OF THE LITERATURE 


Reports of cases of arsine poisoning prior to 1928 are listed in an 
excellent bibliography in a paper by Muehlberger, Loevenhart and 
O'Malley * published in that year. These authors stated: 

Since 1815 a total of 247 cases are on record, of which 50 (or 20 per cent) 
had a fatal cutcome. The toxic agent in practically all of these cases was produced 
during the interaction of metals and acids which contained arsenic. Whenever 


hydrogen gas is generated in a chemical reaction where arsenic is present, a portion 
of the arsenic will be evolved as arsine. 


Cases of poisoning in which arsine was generated in the absence of 
acid have also been reported, mostly in recent years. In 1910, Hake ° 
discussed cases of gas poisoning from ferrosilicon. He concluded that 
calcium phosphide and calcium arsenide, present as impurities in the 


ferrosilicon, reacted with moisture to produce phosphine and arsine 


Occurrences of arsine poisoning among workmen engaged in the refining 
of tin have been reported by Legge® (England, 1923), Manceau? 
4. Muehlberger, C. W.; Loevenhart, A. S.. and O'Malley, T. S 
Intoxication: A Case of Suspected Poisoning in the Steel Industry, J 
Hyg. 10:137, 1928. 
5. Hake, H. W.: On Ferro-Silicon with Special Reference to the Poisonous 
Gases Liable to Be Evolved Therefrom, Lancet 2:220, 1910. 


Arsine 
Indust. 


6. Legge, T. M.: Annual Report, no. 64, Chief Inspector of Factories and 
Workshops, 1923, London, His Majesty's Stationery Office, 1924. 

7. Manceau, P.: Un cas curieux et inedit d’empoisonnement par I'hydrogene 
arsenie, Lyon pharmaceutique 39:203, 1929; J. de pharm. et chim. 10:133, 1929. 
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(France, 1929), Loning,* Bertram and Fretwurst,* Nuck and Jaffe '° 
(Germany, 1941), Bridge” (England, 1931) and Bomford and 
Hunter ‘* (England, 1932). The six reports describe a total of 30 
cases of arsine poisoning, with 12 deaths. In each of these incidents 
the evolution of arsine followed the wetting of tin dross with water. 
In the occurrences reported from France and Germany and the one 
occurring in England in 1932 the dross was hot when it was treated with 
water. [Evolution of hydrogen sulfide was observed in 2 of the cases 
reported (Legge; Bomford and Hunter). Metallic aluminum had been 
used in the refining process in the German plant and in the plant in 
England where the poisonings occurred in 1932. Manceau, Loning and 
Nuck and Jaffe ascribed the formation of arsine to nascent hydrogen gen- 
erated from water by the metal. On the other hand, the explanation 
advanced by Bertrand and Fretwurst and by Bomford and Hunter is 
that a metallic arsenide, probably aluminum arsenide, was present in the 
dross and that the water hydrolyzed it to form arsine and aluminum 
hydroxide. Fonzes-Diacon,’* who first prepared aluminum arsenide in 
1900, reported that it readily reacts with water to form an almost quan- 
titative yield of pure arsine according to the equation, Al As+3 H,O — 
Al (OH), + AsH,. In 1928, Natta and Passerini’* prepared 
aluminum arsenide by heating the two powdered metals at 800 C. 
(1472 F.) 

In this country Nau, Anderson and Cone ’* and Dernel, Stead and 
Nau '* in 1944 reported the evolution of arsine, stibine and hydrogen 


sulfide from a dross made by using aluminum in the refining of tin. 
his occurred when workers sprayed “hot dross with water, just after 
skimming the pots. The procedure of using water on hot dross was 

8. Léning, F.: Klinischer Bericht tber den Verlauf von elf akuten AsHs- 
Vergiftungen (sechs schwere und finf leichte Falle), Zentralbl. f. inn. Med. 
§2:833, 1931; Ueber die Anoxamie bei der akuten Arsenwasserstoffvergiftung, 
Deutsches Arch. f. klin. Med. 173:177, 1923 

9, Bertram, F., and Fretwurst, F.: Zum Krankheitsbilde der Arsenwasser- 
stoffvergiftung, Ztschr. f. klin. Med. 124:212, 1932. 

10. Nuck, A., and Jaffe, C.: Sonderfalle von Vergiftungsméglichkeiten durch 
Arsenwasserstoff, Arch. f. Gewerbepath. u. Gewerbehyg. 3:496, 1932. 


11. Bridge, J. C.: Annual Report, no. 81, Chief Inspector of Factories and 
Workshops, 1931, London, His Majesty's Stationery Office, 1932. 

12. Bomford, R. R., and Hunter, D.: Arseniuretted Hydrogen Poisoning Due 
to Action of Water on Metallic Arsenides, Lancet 2:1446, 1932. 

13. Fonzes-Diacon: Preparation de quelques composés de l’aluminium et des 
derives hydrogénes correspondants, Compt. rend. Acad. d. sc. 130:1314, 1900. 

14. Natta, G., and Passerini, L.: Sull’arseniuro di alluminio, Gazz. chim. ital. 
$8:458, 1928 

15. Nau, C. A.; Anderson, W., and Cone, R. E.: Arsine, Stibine, and Hydrogen 
Sulfide—Accidental Industrial Poisoning by a Mixture, Indust. Med. 13:308, 1944. 

16. Dernel, C. U.; Stead, F. M., and Nau, C. A.: Arsine, Stibine, and Hydro- 
gen Sulfide—Accidental Generation in a Metal Refinery, Indust. Med. 13: 361, 1944. 
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against company rules. Nau attributed the result to the formation of 
nascent hydrogen by water reacting with the excess of metallic alumi- 
num, the nascent hydrogen then uniting with the arsenic present to 


form arsine. Nau'’ again reported exposure to arsine from this type 


of dross in 1948. The workers were removing dross from a storage 
shed, and during the process it rained. Arsine developed as the dross 
became wet. 

Legge reported a few tests with the dross involved in the 1923 inci- 
dent in England. Loning, Bertram and Fretwurst, and Nuck and Jaffe 
published three independent laboratory studies with the dross which 
was responsible for the arsine poisonings in the Wilhelmsburg Tin 
Works in Germany on May 1, 1931. Dernel, Stead and Nau made 
qualitative analyses of the gas from their dross. The results of these 
laboratory studies will be discussed later. 


COLLECTION OF SAMPLES 


Four of the dross samples were obtained by punching holes in the sides of the 
containers. The containers sampled had not been used for the plant sampling 
technic. Thus we tried to obtain samples of material that approached the material 
as originally received by the plant. The samples were collected in rubber gasket- 
sealed commercial fruit jars of quart capacity. The following samples were 
ce lected 

Sample A.—This was a fine powder having a grayish black color. It flowed 
easily, indicating that it contained little, if any, moisture. It was not entirely 
homogeneous, containing small particles of a white metal having somewhat the 
appearance of drops of solder which had solidified. This sample weighed about 3 
pounds (between 1 and 2 kilograms). 

Sample B.—This material also appeared to be dry. It consisted of a mixture 
of fine black powder plus numerous particles of a glistening solid. The sample 
weighed about 4% pounds (2 kilograms). 

Sample C.—The sample weighed about 11 ounces (about 312 Gm.). It was a 
black granular material which glistened in the light. It also appeared to be dry 

Sample D.—This was a black material which was very evidently moist. It 
weighed about 2 pounds (about | kilogram). 


LABORATORY STUDIES 


Since arsine formation resulted from moistening some of the dross samples, 
and because other samples, which were wet, could probably furnish the necessary 
moisture, we decided to investigate the reaction between the dross and water. 

Moisture Content of Dross Samples——Samples A, B and C were placed over 
calcium chloride in a good vacuum desiccator for three days. No loss of weight 
occurred. Sample D was dried at 120 C. for two hours and was then cooled in a 
desiccator. It lost 22.6 per cent in weight 

Apparatus for Reacting Dross Samples with Water.—Since we found that 
rubber readily absorbs arsine we employed the all-glass apparatus shown in figure 

17. Nau, C. A.: The Accidental Generation of Arsine Gas in an Industry, 
South. M. J. 41:341, 1948. 
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2 and labeled A. It consists of a pyrex tube (a) 1% by 9 in. (3 by 23 cm.), with 
the outer part of a 24/40 standard taper joint sealed to the top and with a sealed-in 
inlet tube extending almost to the bottom. The corresponding inner portion of the 
standard taper joint is sealed to a long glass outlet tube (>) which is bent, as 
shown, its first limb being water-jacketed (c) and serving as a reflux condenser 


Fig. 2A, apparatus for reacting dross with water: (a) reaction chamber; 
(b) outlet tube; (c) water jacket. 

B, apparatus for determining arsine by method 1: (d) pyrex combastion tube; 
(e) metal supporting trough; (/) absorption bottle containing sodium hydroxide 
solution; (g) arsine detector tubes. 


C, apparatus for determining arsine by method 2: (4 and i) gas scrubbers con- 
taining 0.1 normal silver nitrate solution; (/) arsine detector tubes. 


if the water in @ is heated above room temperature. For experiments at room 
temperature the exit tube (b) is replaced by a simple glass ell sealed to a second 
inner part of a standard taper joint. The standard taper connections were used dry. 
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Arsine Determination—Method 1.—The arsine plus air is passed through a 
heated glass tube in which the arsine is burned to arsenic trioxide. The apparatus 
for this is shown in figure 2 and is labeled B. The pyrex combustion tube (d) 
has a horizontal portion about 14 in. (35.7 cm.) long and a vertical portion extend- 
ing into the 2 ounce (58.6 cc.) absorption bottle (/) containing 10 per cent sodium 
hydroxide solution. The horizontal portion is supported in the middle by a metal 
trough (¢). The second hole of the rubber stopper closing the bottle (/) carries 
the arsine detection tubes (g). The portion of the horizontal tube in the metal 
trough is heated to redness by means of a wing top burner. In conducting the test, 
a weighed portion of the dross, usually 1 to 2 Gm., was introduced into the dry 
reaction chamber (a), 2 glass beads were added, outlet tube 56 was joined to a 
and its outer end connected with the pyrex combustion tube (d), glass to glass. 
The combustion tube was heated to redness, and an air current was drawn through 
the apparatus at a rate of about 70 cc. per minute. Ten cubic centimeters of water 
were then introduced through the inlet tube of a, and the inlet tube was then 
connected to a wash bottle containing water in order to prevent evaporation of the 
water in the reaction tube. Most of the arsenic trioxide formed sublimed inside 
the cold part of the conibustion tube just beyond where it was heated. In our tests 
no escaping arsine was detected with the mercuric bromide paper. The air bubbling 
through the reaction chamber kept the material somewhat agitated, but at intervals 
the end of the reaction tube was shaken back and forth in order to stir up the 
dross which collected in the bottom. The reaction was allowed to proceed until 
the evolution of arsine practically ceased, as shown by substituting a fresh com- 
bustion tube and continuing the process. After the combustion tube had been 
allowed to cool, the arsenic trioxide which had sublimed on the outer portion of it 
was dissolved by repeatedly drawing the contents of the absorption bottle into the 
combustion tube and finally removing the tube and washing it with distilled water, 
adding the washing to the fluid in the gas washing bottle. The contents of the 
absorption bottle were made up to a suitable volume in 1:4 hydrochloric acid. An 
aliquot of this material was then titrated with potassium bromate,'** and another 
aliquot was checked by means of the Gutzeit method 

Arsine Determination—M ethod 2.—The apparatus for carrying out the reaction 
between water and the dross was the same as used in method 1 (4, fig. 2), but the 
arsine evolved was absorbed in 0.1 normal silver nitrate solution. The absorp- 
tion apparatus is labeled C in figure 2. As shown by Mai and Hurt,’® arsine reacts 
rapidly with silver nitrate to form metallic silver, arsenious acid and nitric acid, 
1 cc. of tenth-normal silver nitrate being equivalent to 1.25 mg. of arsenic. Krepelka 
and Fanta 2° stated that the precipitated silver occludes traces of arsenic. This was 
confirmed by us. However, since the error due to this was only about 2 per cent, 
it was disregarded. The first scrubber (h) contained 30 to 50 cc. of the silver 
nitrate solution and the second tube (7) 30 cc. of this same solution. The outlet 
from the second scrubber tube was connected to the Gutzeit tubes (/) for detecting 
any escaping arsine. Practically all the arsine was absorbed in the first scrubber 
tube but some was caught in the second tube when the contents of the first scrubber 


18. (a) Official and Tentative Methods of Analysis, ed. 6, Washington, D. C., 
Association of Official Agricultural Chemists, 1946, p. 440; (b) p. 439. 

19. Mai, C., and Hurt, H.: Electrolytische Bestimmung kleiner Arsenmengen, 
Ztschr. f. Untersuch. d. Nahrungs- u. Genussmittel. 9:193, 1905. 


20. Krepelka, J. H., and Fanta, J.: Reduction of Silver Nitrate by Arsine and 
Its Use for Estimating Minimum Amounts of Arsenic, Chem. listy 31:153, 1937; 
Chem. Abstr. 31:6995, 1937. 
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tube became almost exhausted. No arsine escaped beyond the second scrubber tube. 
The gas flow was maintained at about 70 cc. per minute as in method 1, and the 
reaction was allowed to continue until no more arsine was evolved, as shown by 
inserting a fresh tube of silver nitrate solution. The fluid in the two scrubber 
tubes was then decanted from the solid and filtered into a volumetric flask. The 
precipitated silver in the reaction tubes was then washed several times with distilled 
water, using an air current to agitate the precipitate, and these washings were 
decanted off through the filter. In this way only insignificant traces of the precipi- 
tated silver were poured out of the reaction tube. When the wash water was free 
from dissolved silver, the contents of the reaction tubes were dissolved in a few 
cubic centimeters of concentrated nitric acid. With small amounts of silver, solution 
occurred almost immediately at room temperature, and with larger amounts a small 
amount of heat readily dissolved the metallic silver. This solution of silver was 
then diluted with water and an aliquot, or all of it, was titrated with 0.1 normal 
thiocyanate, a small amount of powdered ferric alum being used as the indicator. 
The filtered fluid from the absorption tubes was then made up to volume and an 
aliquot of it titrated with thiocyanate in order to determine the unuSed silver 
nitrate. The cubic centimeters of silver nitrate consumed multiplied by 1.25 gives 
the weight of arsenic evolved as arsine. The titration figure for the dissolved 
metallic silver was found to equal the figure for the silver nitrate consumed in the 
reaction. As further checks an aliquot of the filtered fluid was titrated with potas- 
sium bromate in the usual way, and another aliquot was analyzed by the Gutzeit 
method. The results of the four methods were found to agree well. If the aliquot 
for the bromate titration contains more than about 3 cc. of tenth-normal nitric 
acid or the equivalent of silver nitrate, the nitric acid will decolorize some of the 
methyl orange. For this reason no bromate titrations were run on the reaction 
fluid when only a small amount of the silver had been consumed. When small 
traces of arsine were caught, only the titration of the dissolved silver precipitate 
was employed. 

Arsenic in Spent Dross——It was found that hot concentrated sulfuric acid 
readily dissolves the dross, although a precipitate of lead sulfate is formed. We 
therefore used the method described by Ramberg and Sjostrom 2! in 1919, in which 
the arsenic is separated by distillation as the trichloride and the distillate titrated 
with potassium bromate in the presence of a drop of methyl orange. This is essen- 
tially the same method as that described by the Association of Official Agricultural 
Chemists **> in 1946. A weighed sample of the dried spent dross, about 0.3 Gm., 
was placed in a dry 100 cc. Kjeldah! flask. Ten cubic centimeters of concentrated 
sulfuric acid was added, followed by about 2 drops of concentrated nitric acid. 
The material was digested until all of the dross particles had disappeared, which 
usually took about ten minutes. The fluid was then gently boiled for about fifteen 
minutes longer and the analysis completed as described in the Ramberg and 
Sjostrom method, using half quantities of all reagents. Although a considerable 
amount of white precipitate was formed during the digestion, this entirely dissolved 
during the distillation of the arsenic trichloride, so that it is believed that no 
arsenic was lost on account of this precipitate. The bromate titrations were checked 
by means of the Gutzeit method. 


21. Ramberg, L., and Sjostrom, G.: En metod fér bestamning av vapuprovs 
arsenikhalt, Report no. 65, Swedish Arsenic Commission, 1919, sect. VIII (in 
Swedish) ; for German translations of this method see Engleson, H.: Ueber die 
Bestimmung kleinster Arsenmengen in Harn, Blut und anderen Korperflissigkeiten 
nebst der Arsenbilanz bei Silbersalvarsanbehandlung, Ztschr. f. physiol. Chem. 
111:201, 1920; and Brahme, L.: Arsen in Blut und Cerebrospinalfliissigkeit, Acta 
med. Scandinay., 1923, supp. 5, p. 67 
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The results obtained with the four samples of dross are summarized 


in table 2. 


TABLE 2.— Arsenic Content, and Arsine formation from Reaction with Water, 


for Four Samples of Dross 


Dross sample 


Purther arsenic evolved 
100 ©. for 1 hour. 


Arsenic in spent residue 


Total arsenite in original sample 


A 
None 
3.98% 


Not done 
1.55% 


5.59% 


B 
None None 


0.025% 0.008% None 
0.009% 
0.29% 


0.019% 
0.34% 
0.300%, 


Faint trace 
1.19% 
1.19% 


Sample A of the dross was sent to the United States Public Health 
Service, Division of Industrial Hygiene, for spectrographic analysis. 
Dr. L. Fairhall reported: 


Lead 

Tin 
Copper 
Arsenic 
Aluminum 
Antimony 
Sodium 


very strong lines 
very strong lines 
very strong lines 
strong lines 

strong lines 

detinitely present 
definitely present 


Magnesium 
Silica 

Iron 

Zine 
Calcium 
Silver 


Manganese 


definitely present 
present 

present 

trace 

trace 

present 


trace 


A supplemental report received from Dr. Fairhall, Feb. 9, 1949, read 
as follows: 


The sampie of metallic dross or aluminum concentrate has been examined by 
x-ray diffraction. Owing to the large number of metals present the pattern was 
exceedingly complex and the results can only be called inconclusive. 

Most of the lines for aluminum arsenide were present ; however, several strong 
lines of this compound were missing or uncertain. The pattern of zinc selenide 
could equally well be established, although selenium was not detected qualitatively. 
The presence of alloys and solid solutions causes almost infinite shifts and varia- 
tions of the line patterns so that in such a material intermetallic compounds are 
extremely difficult, if not impossible, to identify positively. 


Effect of Temperature on the Fraction of Total Arsenic Evolved 
as Arsine.—One gram portions of sample A were allowed to react with 
water in the apparatus shown in figure 2 
had practically ceased. 


until the evolution of arsine 
The time required and the percentage of the 
total arsenic evolved as arsine at three temperatures were respectively : 
25 C., forty-eight hours, 44 per cent; 50 C., three hours, 70 per cent; 
100 C., one-half hour, 88 per cent. 

Evolution of Arsine on Mixing Dross A with Wet Dross D.—The 
reaction chamber for this experiment was a large pyrex test tube 11%4 
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inches long and 114 inches in diameter (about 29 cm. long and 4 cm. 
in diameter) with a smali horizontal side arm sealed about 5 inches 
(about 12.5 cm.) from the top. This side arm was connected glass-to- 
glass with a Corning microcombustion tube about 20 inches long and 
44 inch in diameter (about 51 cm. long and 1 cm. in diameter). The 
combustion tube was heated to 800 C. in a tube furnace and projected 
about 7 inches (about 17.5 cm.) beyond the far end of the furnace. 
The outer end of the combustion tube was connected with two wash 
bottles, the first containing 10 per cent sodium hydroxide solution and 
the second 10 per cent silver nitrate solution. Air was drawn through 
the apparatus at the rate of about 300 cc. per minute. The lower end 
of the reaction tube was jacketed with sheet asbestos. Fifty grams of 
dross sample A and 50 Gm. of dross sample D (D contained 22.6 per 
cent of water) were weighed out and introduced into the reaction tube 
in alternate layers, after which the powder in the tube was further mixed 
by means of an iron wire with a short bend at the end. A thermometer 
was then inserted into the tube so that its bulb was well immersed in 
the dross mixture. The thermometer was held in place by means of a 
2-hole rubber stopper, the second hole serving as the inlet for the appar- 
atus. The temperature of the mixture at the start was 26 C. It rose 
as follows: one hour, 34 C.; two hours, 45 C.:; two and one-fourth 
hours, £0 C; two and one-half hours 92 C. The temperature of the mix- 
ture then began to drop rather rapidly and reached 42 C. at the end of 
three and one-half hours from the start of the experiment. Arsenic 
trioxide began to appear in the cooler outer end of the combustion tube 
within fifteen minutes after the experiment started. The rate of forma- 
tion of arsenic trioxide then increased, being extremely rapid during the 
period of about fifteen minutes when the temperature rose from 50 to 92 
C. During this period of rapid evolution of arsine, pure oxygen was sub- 
stituted for air at the inlet of the reaction tube in order to make sure that 
all the arsine would be burned. The cold outer end of the combustion 


tube, and the wash bottles which followed it, proved to be quite inade- 
quate for catching all of the arsenic trioxide evolved, and a considerable 
amount of arsenic trioxide crystals could be seen in the tubes leading to 


the water pump. Toward the end of the experiment the inlet of the water 
pump became clogged with arsenic trioxide, and it had‘to be quickly 
replaced with another pump. Since the arsenic trioxide formed could 
not be correctly determined, owing to the loss beyond the collecting appa- 
ratus, 2 Gm. of the spent dross from the experiment was boiled with 
water and the arsine evolved was determined. The arsine evolved con- 
sumed 1.2 ce. of 0.1 normal silver nitrate. One gram of dross A 
when boiled with water in a previous experiment had consumed 39.2 cc. 
of 0.1 normal silver nitrate, and since dross D evolved practically 
no arsine when boiled with water, the results indicated that sample A 
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when mixed with sample D had lost 97 per cent of its arsenic which 
could be converted into arsine on boiling with water. Since the insula- 
tion of sheet asbestos which we used for the reaction tube permitted 
some loss of heat, it would appear certain that if we had used several 
pounds of this mixture the temperature at the end of about two hours 
would have easily reached 100 C. and would have produced consid- 
erable steam as a result of heating the excess water. 

Production of Arsine by Reaction of Dross with Moisture in Air— 
Three days after dross A was obtained at the plant, the lid of the jar 
containing it was removed and quickly replaced by a metal lid con- 
taining a small hole. A narrow glass tube connected to a dry 100 ce. 
hypodermic syringe was inserted through the hole and inside the jar, 
and 100 ce. of the gas in the jar was collected in the syringe. The 
outlet of the syringe was then connected to the heated glass tube shown 
in B of figure 2, and the gas slowly passed through the heated tube 
during a period of about two minutes. The syringe was then filled 
with room air and this air used to flush out the heated tube. Analysis 
showed that the weight of arsenic caught as arsenic trioxide was 
0.495 mg., corresponding to a concentration of arsine in the air of the 
jar of 1,616 parts per million. Air samples had been removed from 
this jar several times during the previous two days. 

Material Dissolved on Treating Dross A with Water.——After boil- 
ing 1 Gm. of sample A with 10 cc. of water until the evolution of 
arsine ceased the contents of the reaction tube (a) were filtered. The 
filtrate was clear and neutral to litmus. Five cubic centimeters of the 
filtrate was evaporated to dryness, and the residue was found to weigh 
0.6 mg. Another portion of the filtrate, slightly acidified with nitric 
acid, gave a very faint precipitate when tested with barium chloride, 
the total quantity of sulfate present being much less than 1 mg., 
expressed as sulfuric acid. When dross A was mixed with cold water 
and allowed to stand for some days the filtrate was likewise neutral 
to litmus. 


Effect of Hot Water on a Mixture of Metallic Aluminum and Metal- 


lic Arsenic—One gram of aluminum powder and 0.1 Gm. of finely 


powdered metallic arsenic were placed in the reaction tube (a) of figure 
2. Ten cubic centimeters of water was added and the fluid boiled for 
one hour. The air current passing through the fluid was tested for 
arsine by method 2. No arsine was evolved. 

Tests for Other Toxic Gases.—Stibine and phosphine, if present, 
would have been precipitated with the silver in method 2 for arsine. 
After dissolving this precipitate in nitric acid and diluting with water, 
a portion was treated with an excess of hydrochloric acid to precipitate 
the silver. The filtrate was evaporated to dryness in order to remove 
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nitrites and then redissolved in dilute sulfuric acid. A portion of the 
solution gave no precipitate with hydrogen sulfide, and another portion 
did not give a reaction for phosphate when tested by the method of 
Kuttner and Cohen.** When the acidified solution of arsenite from 
method 1 for arsine was treated with hydrogen sulfide the resulting 
precipitate was lemon yellow with no suggestion of orange. The filtrate 
from the hydrogen sulfide precipitate was evaporated and tested for 
phosphate, but no phosphate was found. To see if hydrogen sulfide 
was formed when sample A of the dross was boiled with water we 


used arsine method 2, placing a third scrubber tube containing lead 
acetate solution ahead of tube A. On boiling 1 Gm. of sample A with 
10 ce. of distilled water we obtained a very small amount of a brown 
precipitate in the tube containing the lead acetate solution. This pre- 
cipitate was centrifuged off, washed, dried and weighed. Its weight 
was 3.4 mg., and when it was oxidized with concentrated nitric acid 
and diluted with water the solution gave a faint white precipitate with 
barium chloride. The volume of hydrogen sulfide evolved from 1 Gm. 
of sample A, calculated from the weight of lead sulfide found, was 
0.32 cc. Since 1 Gm. of dross A when boiled with water gave off 
14.6 ce. of arsine, this means that the ratio of arsine to hydrogen sulfide 
j was about 45:1 and that the hydrogen sulfide was negligible as a factor 
in the toxicity of the gas from this dross. 


COM PARISON 


OF OUR RESULTS AND THOSE OF OTHERS 

Loning * reported that water remained neutral after it had reacted 
with the dross responsible for the accident at the Wilhelmsburg Tin 
Works, in Germany. We observed the same results with our dross. 

The amount of arsine evolved on treating their respective dross 
samples with water was studied by Legge, by Bertram and Fretwurst, 
and by Nuck and Jaffe. The chief results of their studies are recorded 
together with some of our results in table 3. 

It will be noted that the arsine-generating potency of our sample A 


was much greater than that of any of the other samples studied. When 


allowed to react with water at room temperature for twenty-four hours, 
it produced almost seven times as much arsine as Legge’s sample, and 
at 50 C. it generated in three hours seventeen times as much arsine as 
the Wilhelmsburg sample did in the same period at 70 C. 

Bertram and Fretwurst also sifted their dross into four portions of 
varying particle size and found that the finest particles (below 0.5 mm. 
diameter) when treated with water gave off much less arsine than did 
22. Kuttner, T., and Cohen, H. R.: Micro Colorimetric Studies: I. A Molybdic 
Acid, Stannous Chloride Reagent: The Micro Estimation of Phosphate and 
Calcium in Pus, Plasma, and Spinal Fluid, J. Biol. Chem. 75:517, 1927 
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the larger particles. They ascribed this difference to air oxidation of 
the particles at the surface. However, a more probable explanation 
would seem to be that the dross had reacted with moisture from the air. 
Bertram and Fretwurst stated that air confined over their dross 
remained arsine free, and Legge reported that the arsine-generating 
power of his dross when this was mixed with water decreased rather 
rapidly and was practically all gone at the end of two months. He did 
not state whether his sample was exposed to the air during this period, 
hut one would infer that it was. While our samples B and C when 
received evolved some arsine on contact with air, this phenomenon 


ceased after they had stood for a few days. In contrast, our sample A 


reacted vigorously with atmospheric moisture and continued to do this 


Taste 3.—Arsine Producticn from Reaction of Various Samples of 
Dross with Water 


Volume of 

Arsine from 

Temp., *, 100Gm. of 

Reported by Dross Used ( Dross, Cc.* 


British, 1923 Room 41.00 

Bertram and Fretwurst *.... Wilhelmeburg, 1931 2% 3 0.22 

Withelmsburg, 1931 40 6.50 

Withelmsburg, 1961 $ 22.20 

Nuck and Jaffe *”...... Wilhelmsburg, 1931 2 85.00 
Wilheimsburg, 1931 70 3 66.00 

Wilhelmsburg, 1991 70 7 90.00 

Spolyar and Harger.... Sample A Room 80.00 
Sample A 3 1145.00 

Sample B 100 6.30 

Sample © 100 ] 6.10 


* The weights of dross actually used in these test# were: Legge, 1 oz. (2 Gm.); Bertram 
and Fretwurst, 5 to 20 Gm.; Nuck and Jaffe, not stated; ourselves, 1 to 5 Gm. Bertram and 
Fretwurst reported their arsine values at 18 C. These have been corrected to 0 C, to correspond 
with the others. 


at a diminishing rate for eight months. After sample A had been stored 
for eight months in a glass-stoppered bottle, a portion was allowed to 
react with water at room temperature and then at 100 C. We found 
that the quantity of arsine evolved at room temperature had dropped 
to about one third of the original figure but that the amount of arsine 
evolved at 100 C indicated that sample A still retained about 86 per 
cent of its potency for generating arsine at that temperature. 

Legge and Bertram and Fretwurst made tests for the possible 
presence of stibine in the gas evolved from their respective samples of 
dross. They found no stibine. Dernel, Stead and Nau reported that 
their sample of dross when heated to 110 C. and treated with water 
gave qualitative reactions for stibine, arsine and hydrogen sulfide. We 
found a trace of hydrogen sulfide but no stibine in the gas from our 
sample of dross. 
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Nuck and Jaffe added metallic aluminum to some of the Wilhelms- 
burg dross after it had been reacted with water, and observed no addi- 
tional evolution of arsine. We obtained no arsine when we treated a 
nuxture of powdered aluminum and powdered arsenic metal with 
boiling water 


COMMENT 


The four samples of dross all contained many large particles; so 
it is probable that 1 or 2 Gm. portions were not strictly representative 
of the entire sample. For this reason the amount of arsine evolved on 
hoiling various portions of dross A with water varied somewhat, but 
the variation was not greater than about 20 per cent. 

Since 1 Gm. of dross A yielded about 15 cc. (standard conditions ) 
of arsine gas when boiled with water, this means that 1 drum of this 
dross containing 1,000 pounds (450 kilograms) would give off a total 
of 260 cubic feet (7 cubic meters) of pure arsine gas if it were moistened 
and allowed to heat! Since 1 Gm. of arsenic combined as aluminum 
arsenide requires only 0.72 Gm. of water to be completely hydrolyzed, it 
is evident that the mixing of a small amount of dross D containing 22.6 
per cent of moisture with dross A would supply the necessary water to 
complete the hydrolysis of dross A. 

Our observation that dross A as shipped reacted rapidly with 
moisture from the air to. form dangerous concentrations of arsine in 
air confined over it means that this dross is an extremely dangerous 
material even when stored in a so-called dry compartment. Our first 
determination of the arsine content of air confined above dross A was 
made on Jan. 10, 1949, when the air contained only about 0.8 per cent 
of water vapor by volume. Since the moisture content of air is fre- 
quently three times this high during the summer, one can see that the 
hazard of arsine production would be considerably greater at that time. 

Jaeger ** reported that freshly prepared arsine is odorless and that 
it develops a garlic-like odor only after standing for some time. This 
agrees with the observations of the workmen exposed to the gas from 
the dross which we investigated and also with the report of the Wil- 


helmsburg accident made by Bertram and Fretwurst. Recently formed 


arsine is thus a particularly insidious poison. 


SUMMARY OF LABORAFORY FINDINGS 
Studies were made of the reaction of water with four samples of 
metal dross from a batch which had caused arsine poisoning. The total 
arsenic content of the samples ranged from 0.36 to 5.53 per cent. 
23. Jaeger, R.: Ueber Arsenwasserstoff, besonders seinen Geruch, Miinchen. 
med. Wehnschr. 72:1035, 1925. 
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Suitable apparatus was developed for reacting the dross with water 
and for determining the arsine or other toxic gases produced. 

When treated with water, three of the samples of dross, which were 
dry when received, evolved arsine slowly at room temperature and very 
rapidly when heated to 100 C. The fourth sample which contained 
moisture gave off no arsine at room temperature and only a faint trace 
at 100 C, 

One gram of the most potent sample (A) when boiled with water 
for thirty minutes gave off 14.6 cc. of arsine, and evolved 11.9 ce. of 
arsine when allowed to react with water at room temperature for 
forty-eight hours. 

When dross A was mixed with an equal weight of the moist dross, 
D, the temperature of the mixture rose to 92 C. in two and one-half 
hours, and dross A lost 85 per cent of its arsenic as arsine 

Even atmospheric moisture was found to react with the dry dross 
to produce dangerous concentrations of arsine. 

We could detect no stibine or phosphine in the vapor from the 
reaction of water and dross. When boiled with water, dross A gave 
off a trace of hydrogen sulfide which amounted to about 2 per cent 
of the volume of arsine evolved. 

When stored in a tight container for eight months the most reactive 
sample of dross retained almost all of its potency for generatiag arsine 
when boiled with water. 

Water which had been allowed to react with the dross was found to 
remain neutral in reaction, indicating that the arsenide present in the 
dross was not that of an alkali or an alkaline earth. Since aluminum 
was used in the drossing process, we believe that aluminum arsenide 
was present, the hydrolysis of which produced the arsine which was 
evolved. 

A mixture of powdered aluminum and powdered metallic arsenic 
when boiled with water evolved no arsine. 


RECOMMENDATIONS FOR THE CONTROL OF SUCH HAZARDS 


1. Tests for arsine or for the potentiality of arsine formation should 
be made on all aluminum concentrates coming into any plant prior to 
any manual manipulation of this dross. Apparatus and methods 
described are satisfactory. Further, adequate personal protective devices 
should be furnished the sampler as he enters the box cars for sampling. 
Rapid gas detecting devices should be used. 


2. Preferably, and as a possible solution to this problem, the refining 
industry should develop methods of removing arsine from all such 
materials prior to shipment. One possible solution would be to wet 
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the dross with water and burn the arsine to the oxide, thus rendering 
the dross inert. Shippers should certify that the material has been 
made inert. 

3. Plants producing such drosses should routinely do atmospheric 
studies for arsine in the plant. 


SUMMARY 
An epidemiologic study is reported wherein 4 deaths occurred from 
an industrial exposure to arsine. The arsine was probably liberated 
through the hydrolysis of aluminum arsenide contained in the dry metal 
dross made according to the Behr process when this was mixed with 
wet dross. Laboratory studies showed that lethal concentrations of 


arsine could have developed from the material under study. 
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ARSINE POISONING 
A Study of Thirteen Cases 
SHERMAN 5S. PINTO, MD. 
DENVER 
SAMUEL J. PETRONELLA, M.D. 


DAVID R. JOHNS, M.D. 
AND 
M. F. ARNOLD, M.D. 
EAST CHICAGO, IND. 


N JAN. 5, 1949, a number of men were exposed to arsine fumes 


generated by moisture reacting with aluminum arsenide in metal 
dross which had been produced during the purification of lead alloys. 
Lead alloys which contain antimony, copper or arsenic as impurities 
are treated with aluminum while in the molten state. The aluminum 
reacts with these impurities and floats to the top of the molten metal. 
This mixture of metals is skimmed off as a dross and subsequently 


treated by other metallurgic processes. In this particular instance the 
dross had been produced months previously and stored in drums holding 
about 1,000 pounds (about 450 kilograms). Further details of the 
mechanism of arsine production are given in another paper of this 
series (Spolyar and Harger’). It is thought that maximum arsine 
production occurred during the day from about 11 a. m. to 4 p. m., but 
no reliable estimate of the arsine concentration of the air is possible. No 
person coming within the area of arsine exposure was particularly 
impressed by any smell and the so-called characteristic order of arsine, 
said to resemble garlic, was not noticeable. There were no symptoms 
of irritation, either of the eyes or of the respiratory tract. 

The first 2 men who became sick complained of severe abdominal 
cramps, followed shortly by nausea and vomiting. This happened about 

p. m.—one hour after exposure ceased and about six hours from 
the time maximum exposure is thought to have started. These 2 men 
were admitted to the hospital, and their complaints remained unchanged 
for about an hour. Several hours later 1 man lapsed into unconscious- 
ness. During the next four hours 3 more men were sent to the hospital 
with essentially the same complaints—abdominal cramps, nausea and 


1. Spolyar, L. W., and Harger, R. N.: Arsine Poisoning: Epidemiologic 
Studies of an Outbreak Following Exposure to Cases from Metallic Dross, Arch. 
Indust. Hyg. & Occup. Med., this issue, p. 419. 
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vomiting. These 5 patients were all Negro men, and their ages ranged 
from 20 to 46 years. On examination, in the hospital, the most out- 
standing physical sign of illness was the markedly injected conjunctivas 
in each case. However, there were no other ocular symptoms, such as 
pain, photophobia and lacrimation. 

The mental changes in the first patient—confusion, disorientation 
and finally coma—were not seen in the other patients during their first 
twelve hours of hospitalization. One other patient became disoriented 
shortly before he died, and only in these 2 patients were any mental 
disturbances noted. 

In the first patient, coarse rales were noted in the chest, and all 
reflexes were depressed. The initial physical examination of all the 
remaining patients failed to show any abnormalities of heart, lungs or 
nervous system. 


As samples of urine were collected from each patient, the urine 
was found to be dark red, the color of port wine. Blood samples were 
taken, and after they had been centrifugated for hematocrit determina- 
tions, the supernatant fluid was also found to be dark red. 

A stool from 1 patient contained much dark red liquid, and the 
vomitus from another was recorded as being chocolate colored. 

A tentative diagnosis of arsine poisoning was made, but the complex 
metallurgic and chemical character of the dross which had been handled, 


did not allow stibine or phosphine poisoning to be discounted. Arsine 


poisoning was so strongly suspected, however, that 2,3-dimercapto- 


propanol (BAL, N.N.R.) therapy was given every four hours, the first 


dose being started about fourteen hours after gas exposure ceased. 
Next day all men who could possibly have been exposed to the gas 


during work were examined, and 5 more men were hospitalized. On 
January 7, 3 additional men were hospitalized, making a total of 13 


who were sent to the hospital for poisoning of varying severity. Of 
these 13, the first 4 to enter the hospital died. These routine examina- 
tions of about 50 men were continued until it was felt all possibility of 
latent intoxication had passed—a period of six days. 


CLINICAL COURSE 


The severity of the presenting symptoms paralleled closely the 
clinical condition of the patient. Patient 1 died about twelve hours after 
exposure, patient 2 forty hours after exposure, patient 3 four days and 
patient 4 four and one-half days after exposure. Four other patients 
were considered critically ill during the first five days but recovered 
rapidly when improvement of their condition started. Clinically, all 
men reached an apparently normal state in about two weeks, but sig- 
nificant electrocardiographic changes persisted for several weeks longer. 
Gradually the electrocardiographic changes became normal except in 1 
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case. In this case definite changes were noted for over ten months. 
This case will be discussed in more detail in a paper devoted exclusively 
to the electrocardiographic changes (Josephson, Pinto and Petronella *). 


LABORATORY 


FINDINGS 

Various laboratory examinations were carried out on these patients 
during their hospitalization. For conciseness and clarity, each type of 
examination will be discussed separately. 

(a) Urine: The initial examination of the urine showed it to be 
dark blood red in 8 cases, straw colored in 5. Albumin was recorded 
in all bloody urines (4 +) and in only one of the straw-colored urines 
(2+). In the rest no albumin was noted. As the hemoglobinuria 
cleared, the albuminuria diminished. At the end of the first week only 
1 patient (no, 6) continued to show albuminuria (1 plus), and this 
cleared entirely before he left the hospital. 


Sugar was found in only 
one urine sample and this only on the initial examination. Results of the 
microscopic examination were surprising in that no hemoglobin casts or 
cylindroids were found. These were sought repeatedly. On the fifth 
day after the gas exposure all urines-which had been grossly bloody 
suddenly became normal in color. We interpreted this as meaning that 
the 8 patients with bloody urines had been exposed to about the same 
amount of arsine and that the effect of the gas lasted about the same 
length of time in each patient. 


(b) Urinary arsenic: Urinary arsenic determinations were done 
when possible for each patient. 


Several urine samples were also 
analyzed for antimony, but since only a trace was found in each sample 
examined, the test was discontinued. In table 1 are shown pertinent 
data regarding urinary arsenic. The arsenic content of the urine was 
not corrected for specific gravity as has been suggested for the urinary 
excretion of another metal—lead (levine and Fahy).* 

From table 1 several points should be noted. First, there is no 
apparent correlation between the arsenic content of the urine and the 
amount of hemoglobin in the urine. Patients 9, 10 and 12 had straw- 
colored urine and yet had an amount of arsenic in the urine that was 
in the same range as that found in the urine of those excreting much 
hemoglobin. Conversely, the bloody urines did not have more arsenic 
than has been found in men exposed to other forms of arsenic and who 
showed absolutely no clinical symptoms of arsenic intoxication (Watrous 


2. Josephson, C. J.; Pinto, S. S., and Petronella, S. J. Arsine: Electro- 
cardiographic Changes Produced in Acute Human Poisoning, Arch. Indust. Hyg. 
& Occup. Med., to be published. 


3. Levine, L., and Fahy, J. P.: Evaluation of Urinary Lead Determination, 
J. Indust. Hyg. & Toxicol. 27:217-223, 1945 
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Therefore, the urinary arsenic in arsine poisoning 
is no measure of the severity of the blood destruction which may have 


taken place. Blood arsenic studies were carried out and will be reported 
They also fail to indicate the severity of arsine 
intoxication as shown by the amount of blood destruction. 

The specific gravity of all urine samples was low, but this is not 
unexpected in view of the amount of fluids which these patients 


later (Harger *). 


received intravenously and by mouth. 


Caste 1.-—Changes in Specific Gravity, Color and Arsenic Content of Urine 


(Arsenic Calculated as Milligrams per Hundred Cubic Centimeters of Urine) 


Patient 1/7/#@ 1/8/49 1/0/49 1/11/49 1/12/40 1/18/40 2/8/49 
Color Bloody Died 
Sp.Gr. 1.082 2407 see 
Color Bloody Bloody Bloody Died 
Arsenle 2.96 2.04 
Sp. Gr Anuria 
5 Sp. Gr 1.013 1.015 1.000 1,008 1.008 Low 1,005 610 1.010 
Color Bloody Bloody Amber Amber Straw Straw Straw Straw Straw , woud 
Arsenic 0.78 cones 0.45 0.30 0.32 0.0 0.10 0.08 0.06 0.04 
6 Sp. Gr 1.016 17 1.017 1.012 [014 1.012 1.018 1.006 1.006 1.006 1.001 
Color Bloody : Straw Amber Straw Straw Straw Straw Lt.Yel. Yellow Yellow 
Arsenic 1.00 142 O88 14 0.91 0.06 0.73 0.05 ).08 0.06 
7 Sp. Gr 1.017 1.008 1.009 1.009 1011 1.006 1.014 1.016 1.006 
Color Bloody Bioody Bloody Bloody Straw Straw Straw Straw Straw Straw Yellow ee 
Arsenic 3.08 0 0.64 0.27 0.56 1.33 0.08 0.06 0.06 aves 
Sp. Gr 1.010 1.013 1014 1.021 1.018 1,016 1.009 1.006 
Color Bloody ao Bioody Amber Straw Straw Amber Straw Straw Straw Yellow Yeilow 
Arsenic ‘ 1.31 1.19 1.36 i4l 1.40 0.12 0.10 0.32 
Sp. Gr 1.038 1.006 1.006 1.012 1,012 1.00) 1.008 
Color Amber Straw Amber Straw Straw Straw Straw Straw Straw Straw 
Arsenie 0.77 “ 0.36 0.76 0.45 0.34 0.34 0.06 0.02 
10 Sp. Gr 1.026 1.018 1.017 1.008 1.008 1.008 1.012 101 
Color Straw Straw Straw Amber Straw Yellow Straw Straw 
Arsenic 0.8 1.06 6.37 O44 O45 0,32 eee 
i Sp. Gr 1.020 1.008 1.011 1.011 1.009 1,002 1.008 
Color Straw Straw Straw Straw Straw Straw Straw 
Arsenic 0.6 0.21 O07 0.10 
12 Sp. Gr 1,080 1.080 1.018 uy 1,008 1,011 1.010 1.013 
Color Straw Amber Straw Straw Amber Straw Amber Straw 
13 Sp. Gr 1.007 1.012 1.017 1.007 1.006 anuse 1.008 ‘ 
Color Straw Amber Straw Straw Straw Straw Straw 


(c) Erythrocytes: Lysis of erythrocytes has been described numer- 


ous times as characteristic of arsine poisoning (McNally *; Levvy’). 
In these cases whole blood was given intravenously as soon as the red 
cell count dropped below 4,000,000. With this precaution, the red cell 


4. Watrous, R. M., and McCaughey, M. B.: 
Arsenic, Indust. Med. 14:8 639-646, 1945. 

5. Harger, R. N.: Personal communication to the authors. 

6. McNally, W. D.: Toxicology, Indust. Med. 6:423-427, 1937. 

7. Levvy, G. A.: A Study of Arsine Poisoning, Quart J. Exper. Physiol. 
34:47-67, 1947. 
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count did not drop below 2,500,000 except in 1 case shortly before 
death. The possible degree of anemia which might have been produced 
is thus unknown, but there can be no doubt that it would have been 
extreme. 

(d) Leukocytes: More surprising was the initial leukocytosis which 
these patients had (table 2). Nau, Anderson and Cone* found an 
initial leukocytosis in only 1 of the 3 cases of arsine poisoning they 
reported. Initial white cell counts were done for 7 patients as soon as 
they entered the hospital and before any treatment was given. All 
showed initially leukocytosis, the cell counts ranging from 13,100 to 
29,400 per cubic millimeter. One count of 21,400 included 90 per cent 
polymorphonuclear cells, and another of 20,200 included 85 per cent 


Taste 2.—White Cell Counts of Patients Poisoned by Arsine Gas Jan. 5, 1949 


January 104 


6 7 8 10 ll 12 13 16 17 19 » 
Died 
5 13,100 : .. 10,400 14,800 10,600 11,200 ..... UO .... 8,000 10,600 
2,000 
6 18,000 13,900} 9,000 8,000 18,000 sbi. cone 
9,500 9,000 16,000 10,200 12,300 ..... ... 6,000 12,400 
8 27,400 9,500 18,400 12,400 7,000 ..... 10,000 ond 9,000 
7,900 16,600 10,000 9,000 ..... 18,900 ..... ..... 10,000 
oon 8,300 8,000 12,000 11,000 vee: 
| 5,300 7,500 56,400 10,000 8,000 13,200 ..... 8000 ..... ..... 7,000 .... 
12 16,600 .....  ..... 11,100 14,100 15,200 20,000 17,400 15,000 ..... ..... 9,600 
13 ...... 12,900 ..... 4,800 8,100 12,400 10,000 . 8,000 


polymorphonuclears. The leukocytes were reported to show toxic gran- 
ules. Because of the tremendous pressure for other laboratory work, 
white cell counts were not done daily for all patients. On the fourth day 
of hospitalization all patients had a white cell count decidedly lower 
than had been noted on admission. However, there seemed to be a 
subsequent secondary rise in the count, 4 patients reaching a peak on 
the fifth day in the hospital, 3 on the sixth day and 2 on the seventh 
day. The exact significance of this secondary rise is unknown, since 7 
of the men were in a ward and several of them had an infection of the 
upper respiratory tract on the fifth and sixth hospital days. Two men 
were in other rooms and had no contact with the ward, but both of 
these men (patients 6 and 12) also showed the secondary rise in the 


8. Nau, C. A.; Anderson, W., and Cone, R. F.: 


Arsine, Stibine and Hydro- 
gen Sulfide, Indust. Med. 13:308-310, 1944 
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white cell count. Patient 13 received no transfusions and no BAL 

therapy; yet he also had a mild secondary rise of white cells. This 

would indicate that the secondary rise was not caused by therapy. 
Blood chloride and total protein analyses were run for several 


patients the same day. The results of these analyses are shown in 
table 3. 


(e) Hematocrit: Hematocrit readings tended to parallel the erythro- 
cyte count, and there was nothing to suggest that the red cells had lost 


TasLe 3.—Concentration of Several Blood Constituents on Jan. 8, 1949 


Nonprotein Blood Chio- Total Pro 
Nitrogen, Mg. ride, Mg. tein, Gm. 
Patient per 100 Ce per 100 Cec per 100 Ce Comment 
465 6.1 Died Jan. 9, 1049 
70 Critieally ill; bad frank 
hemoglobinuria 
37 5.6 Quite siek; had hemo 
giobinuria 
Mild intoxication; no 
hemoglobinuria 


Tarte 4.—B8lood Nonprotem Nitrogen Levels of Patients Poisoned by Arsine 
Gas Jan. 5, 1949 (Expressed as Milligrams per Hundred Cubic Centimeters) 


January 
Patient 


5 Died. 
Died 


‘ 36 
No Hemoglobinuria 


40 415. 
0) 35 
$1 
26.5 


hemoglobin except by dissolution or rupture. In making hematocrit 
determinations the most striking finding was the appearance of the fluid 
above the packed red cells. It was clear and blood red—evidence of 
rapid destruction of cells, with hemoglobin accumulating in the plasma 
much faster than it could be removed or excreted. 

(f) Nonprotein nitrogen: “Acute renal insufficiency or hemo- 
globinuric nephrosis occurs in association with a large variety of con- 
ditions including intravascular hemolysis” (Strauss *°). The nonprotein 


9. Strauss, M. B.: Acute Renal Insufficiency Due to Lower Nephron 
Nephrosis, New England J. Med. 239:693-700 and 761, 1948. 
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uitrogen of these patients was followed as an indication of the damage 
received by the kidneys from the large amounts of hemoglobin they 
were called on to excrete. Table 4 shows the nonprotein nitrogen of 
these patients as well as whether or not there was gross hemoglobi 
nuria. 

Table 4 indicates quite clearly that hemoglobinuria dainages the 
excretory power of the kidneys, as indicated by a rise in blood nonpro- 


tein nitrogen. In these cases the maximum nonprotein nitrogen rise 


occurred about eleven days after the hemoglobinuria started, and in all 
cases the hemoglobinuria had stopped before the maximum level of 
nonprotein nitrogen was reached. Renal function as measured by the 
fractional phenolsulfonphthalein test (Chapman and Halsted’®) was 
below normal in most cases after the blood nonprotein nitrogen returned 
to normal.. Two to three weeks after the nonprotein nitrogen level 
was normal, this measure of renal function also became normal. 

(g) Electrocardiogram: All patients were followed from the begin- 
ning with serial electrocardiograms, Striking changes, characterized 
principally by elevation of T waves, were noted. These changes are 
described in detail in another paper of this series (Josephson, Pinto and 
Petronella *). 

(A) Bilirubin: In only | patient was there a suggestion of jaundice. 
The bilirubin value for patient 12 was found to be 3 mg. on the fourth 
day after being exposed to arsine. In no other patients was there enough 
suggestion of jaundice to warrant further laboratory studies along this 
line. 

(1) Roentgenograms of chest: Roentgenograms of the chests of all 
patients were taken soon after hospitalization and were normal 


TREATMENT 

When there is hemoglobinuria and free hemoglobin is observed in 
the blood plasma, the most obvious therapeutic measure to be used is the 
intravenous injection of whole blood. One patient received nine 500 cc. 
transfusions of whole blood; the others, less. Three patients received 
no transfusions because their urine showed red cells only on micro- 
scopic examination, there was no gross hemoglobinuria, and their red 
cell counts did not fall below 4,000,000. 

Table 5 shows the number and the dates of transfusions received 
by the various patients. All transfusions consisted of 500 cc. of whole 
blood. 


10. Chapman, E. M., and Halsted, J. A. The Fractional Phenolsul- 
phonphthalein Test in Bright’s Disease, Am. J. M. Sc. 186:223-232. 1933 
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Table 5 shows how abruptly the need of further transfusions ceased. 
It indicates that arsine affects primarily mature erythrocytes and that 
there is no interference with the regular blood-forming mechanisms. 
The question might properly be asked whether transfusions are 
justified, since the added blood might be hemolyzed and allow more 
hemoglobin to be liberated, thus adding to the hemoglobin-induced 
damage of the kidneys. We felt that transfusions were essential to 
maintain the erythrocytes at a level compatible with life, and therefore 
used numerous whole blood transfusions. In looking back on the 
results of treatment, we feel that table 5 indicates some arsine which 
originally entered the blood stream, united with the red cells and caused 
hemolysis of those cells, but there is no indication that blood which 
was added via transfusions was hemolyzed. The use of whole blood 
transfusions in arsine poisoning is somewhat similar in principle to the 


Pasa 5.—N\umber and Dates of Transjusions Given to Patients for Anemia Due 
to Arsine Poisoning 


Patient JOD 1/7/49 1/8/49 1/9/49 1/10/49 
2 Died 


Died 


treatment of erythroblastosis fetalis, i. ¢., exsanguination and replace- 


ment therapy. In the case of arsine poisoning the exsanguination is 
automatic 


BAL. (2, 3-dimercaptopropanol) has proved to be of great value in 
the treatment of arsenical intoxications caused by both organic and 
inorganic arsenic preparations. Its use has recently been ably reviewed 
by Randall and Seeler,'' and their article should be consulted for further 
information. Suffice it to say that as used for the treatment of experi- 
mental arsine poisoning in animals BAL has not been encouraging 
(Kensler, Abels and Rhoads '*). Nevertheless, it was felt no possible 
therapeutic aid should be denied these patients, and accordingly they 
were given BAL+with the hope that the drug might be more efficacious 


ll. Randall, R. V., and Seeler, A. O Medical Progress: BAL, New England 
Med, 239:1004-1009; 1040-1046, 1948. 

12. Kensler, C. J.; Abels, J. C., and Rhoads, C. P.; Arsine Poisoning: Mode 
of Action and Treatment. ]. Pharmacol & Exper. Therap. 88:99-108, 1946 
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in human than in animal poisoning. Five milligrams per kilogram of 
body weight was given as an initial dose. Subsequent doses of 3 mg. 
per kilogram were given every four hours for ten doses, then every six 
hours for twelve doses. Each time a dose of BAL was given, 0.3 ce. 
of a 1:1,000 solution of epinephrine hydrochloride was also given in 
another syringe at another site. No patient had a single reaction which 
could be attributed to the side effects of BAL other than local tender- 
ness at the site of injection. In 1 patient one injection was followed 
by a localized gluteal abscess with sloughing. The total BAL dose 
varied from 1.5 cc. ( patient dying at the time of BAL injection) to 77 ce 
One patient (13) received no BAL, as clinically his arsine poisoning 
was mild. 

It is our impression that BAL had no influence on the course of 
the erythrocyte destruction produced by arsine poisoning. This has 
recently been indicated in 1 human case by Garlick,"* a report reaching 
us after our patients had been treated. 


The fluid intake of our patients was set at a minimum of 3,500 cc. 
per day. This was done so that hemoglobin would not be precipitated 
in the kidneys and possibly contribute to complete anuria. One patient 
(4) did have complete anuria, and in his case the restricted fluid regimen 
advocated by Strauss® was instituted. He died after four days of 
anuria, from cardiac failure. Shortly before death his blood nonprotein 


nitrogen was only 104 mg. per hundred cubic centimeters. 

The intake and the output of fluid of all patients were recorded, 
and 7 of them showed a deficit in output for an average of three days. 
During this period dietary proteins were restricted. 


AUTOPSY REPORT 


Patient | died about twenty-four hours after maximum arsine 
exposure. The autopsy was performed by Dr. Jean Pilot; he reported : 


The body is that of a well developed and well nourished Negro man about 
3) years of age, weighing about 155 pounds (70 Kg.). There is a distinct peculiar 
pinkish discoloration of the skin that can be observed above the normal pigmenta- 
tion of melanin. The scleras are distinctly pink; the pupils are dilated and equal; 
the corneas appear somewhat opaque 

Chest: The right pleural cavity contains about 200 cc. of deeply blood-tinged 
fluid. The right lung is fairly firmly adherent in the right pleural cavity because 
of many old stringlike adhesions between the visceral pleura and the chest wall. 
The entire lung is subcrepitant in consistency and is distinctly congested with 
blood and presents a pinkish to purple hue throughout the exposed surface. The 
bronchial tree when exposed is filled with a frothy bloody fluid, and the entire 
bronchial mucosa is stained dark red. . The intima of the pulmonary 

13. Garlick, H. W.: A Case of Industrial Poisoning with Arsine Treated with 
British Anti-Lewisite, M. J. Australia 1:69-70, 1949 
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vessels is stained a deep, dark reddish hue. On cut surface the entire lung 
oozes large quantities of dark, blood-stained frothy fluid, especially on slight 
pressure. There is no gross evidence of exudation. The left lung lies free in the 
left pleural cavity; the pleural cavity contains slightly more deeply blood-tinged 
fluid than that on the right—about 300 cc. The lung is fairly voluminous and 
dark purple, with a pinkish hue to the surface. The lung is subcrepitant through- 
out, similar in description to the right. 

The pericardial sac is smooth and moist, and contains about 5 cc. of deeply 
blood-tinged fluid. The heart is somewhat enlarged in outline, so that it meas- 
ures about one and one-half times the average size. The epicardium is discolored 
dark pink. There is distinct mottling of the myocardium as seen through the 
surface of the heart. This is especially notable on the right side, and there is 
distinct dilatation, more marked to the right than to the left. 
of the heart is notably softened in consistency. The endocardium throughout is 
stained deep pink. The entire myocardium throughout its depth presents a distinct 
unusual pink discoloration. 


The myocardium 


The valves of the heart are thin. The tricuspid valve 
presents numerous small hemorrhagic blebs on its free surface 
valve is stained a deep pink but is thin and competent 
a few small verrucae on the free border. 
to be competent 


The pulmonic 
The aortic valve presents 
These appear to be old; the valve appears 
The descending branch of the left coronary artery presents 
atheromatosis (about 2 plus) with a slight constriction situated about 4 cm. from 
the ostium. The right coronary artery is patent, and the intima is studded with 
numerous small atheromatous plaques 


The intima of both coronary arteries is 
stained deep pink. 


Abdomen: Everywhere the peritoneum has a deep pink hue, which includes 
the visceral as well as the parietal peritoneum. There is a pinkish hue to the 
surface of the liver. On cut surface the parenchyma is moderately swollen and 
bulges slightly from the capsule; it presents a somewhat cooked appearance, and 
the markings are indistinct. There is no marked yellowish discoloration. The 
right kidney is somewhat swollen and discolored dark purple red. The capsule 
is stained pink and strips with ease, revealing a fairly smooth surface. The 
entire parenchyma is deep purple red. The cortex is clearly outlined and meas- 
ures from 8 to 10 mm. in thickness. The left kidney 


in general answers 
a description similar to that of the right. 


Head: The dura is distinctly pink tinged. 
increased; it is distinctly blood tinged. 
convolutions. 


The leptomeningeal fluid is not 
There is no excessive flattening of the 
There is some slight congestion of the| vessels of the leptomeninges. 
The lateral ventricles are not distended; they contain blood-tinged fluid. Multiple 
sections throughout the brain reveal no evidence of petechial hemorrhages through- 
out the substance of the brain, nor any gross hemorrhage. 


There are no gross 
lesions demonstrable throughout the brain substance. 


Microscopic Examination.— Kidney The proximal tubules of the kidney 
present dilated lumens filled with pale pink acellular fibers. . . . The nuclei 
are distinct and sharp, with evidence of degeneration. The distal tubules show 
some disintegration of the continuity of the cell lining. The cells appear pulled 
away from the basement membrane, and many lie within the lumen. The cells 
are fairly uniformly pigment laden, and the granules are often concentrated about 
the nuclei. There is no evidence of plugging or occlusion of the tubules. 

Brain: Multiple sections, including cortex, basal ganglions, floor of third 


ventricle, medulla and cerebellum, exhibit only fenestration of the fibers from 
edema 
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Liver : . . The cells of the central portions of the lobules contain dark 
brown pigment with a lessened concentration as the periphery of the lobule is 
approached. Von Kupffer cells are not increased in number but are distended 
with pigment. The cell outlines are obscured but intracellular fatty degeneration 
is minimal 

Heart: Myocardial fibers are severely fragmented. Perinuclear pigment 
accumulations are prominent. Striations are partially obscured by fragmentation. 
No infiltrations are observed. 


Patient 4 died four and one-half days after maximum arsine 
exposure. This patient was anuric for three days preceding death, and 
at autopsy these significant findings were recorded: 


The body is that of a well developed and well nourished Negro man 
The pupils are moderately dilated and equal, and there is a distinct pinkish stain- 
ing of the scleras. 

Chest: The right pleural cavity contains about 400 cc. of deeply blood-tinged, 
hemolyzed fluid. The right lung lies free in the right pleural cavity, and the 
pleural surfaces are smooth. Large quantities of bloody, frothy fluid fill the 
bronchi. . All lobes of the right lung are heavy and subcrepitant, and 
cut surfaces ooze large quantities of frothy fluid on slight pressure. There is no 
evidence of exudation throughout the lung. The left lung lies free in the left 
pleural cavity, and the left pleural cavity contains about 400 cc. of deeply blood- 
tinged hemolyzed fluid. The lung is voluminous, heavy, subcrepitant and answers 
a description similar to that of the right lung; the bronchi are filled with blood- 
tinged frothy fluid. 

The pericardial sac contains about 100 cc. of fairly deeply blood-tinged hemo- 
lyzed fluid. The heart presents a normal outline and is perhaps slightly larger 
than normal, weighing about 350 to 375 Gm. The myocardium of the ventricle 
is distinctly firm in consistency, and there is a sense of abnormal firmness, sug- 
gestive of induration. Multiple cut sections through the myocardium of the left 
ventricle reveal diffuse mottling, with areas of yellowish discoloration scattered 
throughout the myocardium. The valves of the heart are thin and competent; the 
first portion of the aorta is smooth and only slightly pink tinged. 

Abdomen: The liver . . . is definitely enlarged, weighing about 2,200 
Gm. The capsule is smooth, and on cut surface the parenchyma presents a purple- 
brown color and prominent central veins but no gross evidence of degen- 
erative changes. The spleen is about one and one-half to two times the normal 
size. The capsule is smooth, and on cut surface the pulp is moderately softened 
and scrapes with ease. The right kidney is in normal position but is distinctly 
swollen to about one and one-fourth times the normal size. On cut surface the 
parenchyma presents a deep purplish hue, but the medulla and the cortex are 
sharply demarcated. The cortical markings are obscured, and the cortex presents 
a somewhat cooked appearance. The capsule strips with ease, revealing a smooth 
surface. The pelvis is small, and the mucosa is pale. The left kidney answers 
a description similar to that of the right. 

Head: . . The dura is pale and smooth and on reflection reveals lepto- 
meninges that are distinctly congested. The convolutions of the brain appear 
moderately flattened, and there is distinct diminished consistency to the substance 
of the brain. On cut surface all the vessels throughout the cerebral cortex, gray 
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and white matter, appear moderately dilated, but there is no gross evidence of 
hemorrhage. The basal ganglions, the midbrain and the medulla exhibit no evidence 
of hemorrhage. The cerebellum is without gross evidence of abnormalities. Both 
lateral ventricles are opened and present no enlargement but contain a small amount 


of clear leptomeningeal fluid that is free of blood. 


Microscopic Examination.—Liver . There is minimal central lobular 
degeneration with some cell atrophy Many of the liver cells are laden with 
brown pigment, more notable about the central veins. The liver cells are granu- 
lar, and their outlines are indistinct. There is a distinct round cell infiltration 
surrounding the portal triad. 

Heart: The myocardial fibers are distinctly separated by prominent spaces 
representing myocardial edema. Fragmentation of fibers is severe, with multiple 
foci of dissolution of the fibers. The spaces produced by the degeneration of the 

fibers are filled with a thin reticulum of fibrin. The nuclei of the existing fibers 
vary in size. Cellular infiltration, though present, is minimal 


PasLe 6.—Arsenic Contents of Tissues in Cases of Death Due to Arsine Poisoning 


(Arsenic Calculated as Milligrams of Arsenic per Hundred 
Grams of Dried Tissues) 


Tissue Patient Patient 4 


0.34; 0.11 0.28; 0.32 
Kidney (whole) in aie 5.86; 4.80 0.90 
Adrenal gland 0.370 
Peritoneal fluid 0.175 
Pleural fluid. bes 0.34; 0.62 
Heart..... 0.38; 0.40 0.33; 0.645 
Liver... ; 17.01; 16.50 2.48; 2.71 


Kidney: Section reveals a picture of widespread tubular plugging with red 
cell casts and casts of acidophilic granular debris. Within the casts pigment is 
minimal. Tubular degeneration is advanced. The tubules exhibit a loss in con- 
tinuity with many foci of complete cellular degeneration. There is a moderate 
sprinkling of pigment in the interstitial tissue. The \glomeruli appear fairly well 
preserved. 


Brain: Multiple sections reveal a moderate, diffuse glial proliferation and 
capillary distention. No parenchymal hemorrhage is demonstrated 


DISTRIBUTION OF ARSENIC IN’ TISSUES 


Representative tissues from the two autopsies were analyzed for 
arsenic. All tissues were frozen and shipped 1,000 miles by air for 
analysis. While in transit some of them thawed and tissue juices oozed 
out. Part of the tissues remained frozen and there was a question of 
whether or not some desiccation had taken place. It was also found 
that when the thawed, wet tissues were being weighed, evaporation of 
moisture was so rapid that it was difficult to obtain a-constant weight 
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For these reasons all tissues were dried to a constant weight at 110 C., 
and arsenic values are expressed on the basis of dried tissue weight 
rhe moisture content of the tissues varied from 64 to 81 per cent except 
for the pleural fluid, which ran to 95.9 per cent. 

In table 6 the arsenic contents of representative tissues from the two 
autopsies are recorded. For several tissues figures are shown from two 
analyses. They represent analyses of two separate pieces of tissue 
from the same organ, not duplicate analyses on the same piece of tissue 

The fluid which had oozed from some of the tissues while in transit 
was analyzed for arsenic and was found to contain barely measurable 
amounts. We feel that these juices did not leach arsenic from the tissues 
but rather that the arsenic was firmly bound by the tissue cells. This 
agrees with the experimental results of Levvy.' 

These analyses agree in general with the findings of previous investi 
gators (Grigg '*; Meyer and Heubner '°; Delepine '*) as to the distribu 
tion of arsenic in such deaths. 

From a theoretic chemical standpoint it was suspected stibine may 
have been generated and contributed to the poisoning in these cases 
Laboratory experiments with the dross failed to produce more than a 
trace of stibine. When possible, parts of the tissue samples were also 
analyzed for antimony, but never more than a trace was found. Nine 
of the tissue samples analyzed were examined spectrographically for 
arsenic and antimony by Dr. Roy D. McLellan. He reports: “In these 
samples of tissue the antimony did not yield any spectrographic lines. 
Since antimony is about fifty times more sensitive than arsenic on the 
spectrograph under the conditions used for this comparison, it is readily 
seen that antimony did not play any part in the poisoning of the tissues 
of these victims.” . 

The 4 patients who died all had, just before death, abundant pul- 
monary edema, which resulted from acute myocardial failure. No evi- 
dence of pulmonary edema resulting from arsine irritation of the lungs 
was shown on clinical examination or roentgenogram of the chest when 
the patients were examined initially in the hospital. The myocardial 
failure was acute in every case, and death came within two hours after 
its onset. The possible mechanism of death is discussed in detail in 
another paper of this series (Josephson, Pinto, Petronella*). Anemia 
resulting from destruction of red cells was not the cause of death in 
these cases 
14. Grigg, F. J. T.: Distribution of Arsenic in the Body After a Fatal Case 
of Poisoning by Hydrogen Arsenide, Analyst 54:659-660, 1929. 

15. Meyer, E., and Heubner, W.: Observations on Arsine Poisoning. Biochem 
Ztschr. 206:212-222, 1929. 

16. Delepine, S.: Report on Certain Organs in a Case of Fatal Poisoning by 
Arseniuretted Hydrogen Gas, J. Indust. Hyg. 1:356-359, 1919. 
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COM MENT 


In this group of industrial workers exposed to arsine gas it is note- 
worthy that no one was impressed or alarmed by the faint smell pro- 
duced by arsine. Under laboratory conditions arsine may be said to 
have a garlic-like odor, but to a person exposed to arsine in industry, 
unknowingly, there is nothing alarming or warning about the odor. It 
should not be depended on as a warning measure. 

In all these cases there was a definite period of at least five hours 
between the time of maximum arsine exposure and the occurrence of 
any clinical symptoms. Experimentally, certain agents, such as 2, 3- 
dimercaptopropy! ethyl ether ( BAL ethyl ether), have been found useful 
in treating arsine poisoning in animals, provided the drug is given within 
forty-five minutes after exposure (Kensler'*). In the light of these 
cases, such a drug would be useless in human therapy because of the 
prolonged latent period before any symptoms occur. The symptoms 
which did occur were nonspecific, i, e., nausea, vomiting and abdominal 
cramps. In only 1 case were there mental symptoms, and these, again, 
were not specific.. The earliest significant sign of severe arsine poisoning 
is hemoglobinuria, which follows the rapid lysis of the red cells, due to 
arsine 

Jones '' stressed the presence of pain over the kidneys. This 
symptom was not present in our patients. 

These cases, in addition to rapid destruction of red cells, exhibited 
early strong leukocytosis, and in several cases the leukocytes contained 
toxic granules. The mechanism of the leukocytosis is not clear, as the 
rise of the white cells was not accompanied by a rise of temperature. 

While analysis of the urine showed increased amounts of arsenic, 
the arsenic content was not nearly as high as the severity of the poisoning 
seems to require. This is interpreted as meaning that arsine is more 
toxic than some other forms of arsenic, such as arsenic trioxide, a well 
known toxicologic fact. 

In the treatment of arsine poisoning intravenous injection of liberal 
amounts of whole blood was the supportive measure of choice. We feel 
that BAL did little to prevent arsine lysis of erythrocytes and that a 
number of these patients were kept alive only by the constant replace- 
ment of the red cells which were destroyed by arsine. Whether or not 
BAL prevented the development of neuritides is, of course, problematic. 
There were no signs of peripheral nerve disorder in any of these cases 
at any time 

Even in the mildest cases, characteristic electrocardiographic changes 
were produced, and we feel that the electrocardiogram is the most sensi 
tive test so far discovered for the diganosis of arsine poisoning. 


17. Jones, N. W Arseniureted Hydrogen Poisoning, with Report of Five 
Cases, | A M \ 48 : 1099-1105 (March 30) 1907. 
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PINTO ET AL~ARSINE POISONING 


SUMMARY* 

White blood cell counts done in 7 cases of arsine poisoning showed 
initial leukocytosis (leukocytes, 13,000 to 29,000 per cubic millimeter). 
These levels fell to normal in all cases, and the drop was followed by a 
secondary rise on the fourth to sixth day after arsine exposure 

The electrocardiogram shows definite changes after exposure. 

Four deaths from arsine intoxication were studied, and each death 
was due to sudden myocardial failure. 

BAL (2, 3-dimercaptopropanol) does not prevent or stop the arsine 
destruction of red blood cells. Whether or not it aids in preventing 
other disorders, such as peripheral nerve involvement, is still unsettled. 


818 Seventeenth Street, Denver (Dr. Pinto). 
4614 Indianapolis Avenue, East Chicago, Ind. (Drs. Petronella and Arnold). 
720 W. Chicago Avenue, East Chicago, Ind. (Dr. Johns). 
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RELATIONSHIPS BETWEEN THE INDUSTRIAL MEDICAL 
DEPARTMENT AND THE PRIVATE PHYSICIAN 


E. P. LUONGO, M.D. 
Medical Director, General Petrol Cc 
LOS ANGELES 


> lik AVERAGE, industry is attracting physicians of a higher 
caliber and the members of the medical profession as a whole 
have recognized industrial medicine as a specialty. Many of the large 
medical schools have included this specialty in their postgraduate training 
courses. Plant physicians of today are governed by the same ethical 
standards as their professional colleagues engaged in the private 
practice of medicine. Many industrial physicians are, or have been, 
successful private practitioners. They realize the problems of private 
practice. Most of them are governed by a desire to cooperate with 
private practitioners in the community (On this cooperation may 
hinge the success or the failure of the preventive medical program of 
an industrial plant. 

There is still a line of demarcation in interests between the private 
practitioner and the industrial physician. The industrial physician 
deals primarily with well people and those whose abnormalities are 
subclinical, whereas the private practitioner deals with those who 
need treatment for syrmptomatic disease. The industrial physician must 
translate disease or injury or their effects into terms of working 
capacity, whereas the private physician may know little of the patient’s 
work problems or environment. The private physician, for lack of 
knowledge of industrial conditions, is apt to; be strongly in favor of 
whatever opinion an employee has about his health and his physical 
capacity for work. This separation of interests manifests itself in con 
tacts, whether these be initiated by the industrial medical department, 
the private physician, the employee or other interested parties. 

Phe relationships established to bridge the gap in interests may 
determine, tirst, the effectiveness of the industrial medical department ; 
second, the reputation of the plant physician among his colleagues in 
private practice in the community, and, third, but not the least important, 
the opinion of the employees with regard to the practice of medicine 
in general. If an employee is placed in a position of being confused by 
contradictory statements (whether or not he initiated them), if he senses 

Presented at the Fourth Annual Socony-Vacuum Medical-Industrial Relations 
Conference, New York, Nov. 4, 1949 
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an antagonism between the private physician and the industrial medical 
department, or if he is caught in a “squeeze” between the two, he is 
not apt to have a high regard for the medical profession as a whole. 

What are some of the functions of the industrial medical depart- 
ment in which these relationships occur? 

The preplacement examination is a means of bringing to the atten- 
tion of the prospective employee the condition of his health and 
emphasizing the importance of obtaining immediate and adequate medi- 
cal care if necessary. Obviously there is no purpose in undertaking a 
physical appraisal of a person if the records of the examination are 
to be filed in the archives of the medical department and nothing further 
done with them. Further, there is not much sense in discussing physical 
defects with an employee unless some salesmanship is used in getting 
him to his private physician for whatever medical care he needs. There 
must be an emotional as well as an intellectual appeal 

[ am not in favor of requiring correction of every minor defect 
which is found on examination. Many defects are compatible with 
good health. Some, though minor at first, tend to become aggravated 
over years of service, and others may initially reduce the working 
efficiency of the employee. It is often difficult to get the private 
physician interested in minor types of defects when the patient has no 
complaint or symptoms. If the private physician considers lightly 
the medical department’s referral of a patient, the latter may become 
confused. We feel it advisable, therefore, even on preplacement exam- 
inations, to contact private physicians and point out the significante of 
the correctable defects from the standpoint of the working efficiency 
of the employees and from a long range view of the health of these 
employees while they are employed with the company. We go as far 
as to arrange appointments for the employees with the offices of 
private physicians. 


There are defects which are found on preplacement examinations 


which are correctable, but are disqualifying until such time as they 


are corrected. In such instances we issue a description of the physical 
limitations of the applicant, and it is left to the supervisor to deter- 
mine whether the requirements of the job are compatible with the 
limitations. Even if the requirements are compatible, employment is 
approved with the understanding that the defects must be remedied 
during a probational period of employment. In this connection it should 
be emphasized that the oil industry is an arduous duty industry and 
there are relatively few jobs suitable for persons with physical impair- 
ments, whether these be temporary or permanent defects. In filling the 
lighter duty jobs, priority must he given to the older employees with 
long service who have contracted the usual diseases which occur with 
advanced age. Second consideration is given employees who have been 
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injured on the job and are temporarily or permanently disabled. New 
applicants who have physical impairments necessarily must be given 
the lowest priority for placement on modified or light duty jobs. 

When there is a question of placing a new employee who has 
impairments, the private physician should be consulted, in some cases, 
since he knows the history and may give a helpful opinion as to the 
kind and amount of physical activity which the applicant may undergo 
without being a hazard to himself or others. It is important that such 
applicants maintain close contact with their private physicians, and 
the industrial medical department should require periodic reports from 
the private physicians. 

Occasionally an applicant with disqualifying physical defects will 
consult a private physician and attempt to obtain an opinion from 
him which will support his desire to gain employment. Such opinions, 
which usually are received in a general type of statement from the 
private physician, may be in conflict with the findings of the medical 
department. Sometimes it is obvious that the examination was incom 
plete and the requirements of the job were misrepresented by the 
applicant. In such instances we are very willing to contact the private 
physician, furnish him whatever information we have and give him 
a true picture of the job requirements, working conditions or occupa 
tional hazards. We are not obliged to do this, especially in the case 
of an applicant, but we feel that it establishes good relations with 
physicians in the community. In this; connection, technical decisions 
concerning physical limitations as they relate to placement made ‘by 
the medical department or its designated examiners are final. 

Under the annual examination program, contacts with private physi- 
cians are more numerous. There are three important and essential 
steps in an annual examination: (1) the recording of the medical 
history; (2) the physical examination, including any laboratory pro- 
cedures which may be indicated, and last but not least (3) a general 
discussion of the findings with the employee, which should include 
advice as to the necessity of correcting minor or major defects found. 
Point 3 is extremely important. Before we advise an employee to 
see his private physician, we must first convince him that he has a 
defect needing medical care. We should then give him whatever 
information is available, including laboratory reports, to take with him 
to the private physician. 

It is desirable to have a definite diagnosis before sending an employee 
to his physician. This is a protection to the employee and to us, and 
we have found that private physicians generally appreciate this type of 
referral, Often we are able to direct the patient initially to the proper 
type of practitioner, thus avoiding unnecessary expense for the employee 


5 
a 
| j 


LUONGO—RELATIONSHIPS OF INDUSTRIAL MEDICINE 455 


A large number of the findings under the annual examination pro- 
gram involve functional disorders related to the gastrointestinal, the 
cardiovascular and the central nervous systems. We see these condi- 
tions early and realize that they can be as distressing as definite 
pathologic alterations. We try to get the patients to the family type 
f of physician who is willing to explain the cause of the symptoms, to 
counsel them as to living habits and to give repeated assurance. These 
psychosomatic conditions cannot be cured by telling the employee, “It ts 
all in your mind,” “Slow down in your work” or “Stop worrying.” 
Occasionally employees come to industrial medical departments com 
plaining of lack of progress under the private physicians’ treatment and 
with questions as to whether some prolonged and often expensive treat- 
Z ment is justified. Before any opinion is ventured, we find it extremely j 
- important that the industrial physician speak to the private physician, 
preferably while the employee is in the office. This will avoid much 
misunderstanding and embarrassment for all parties concerned. If the 
employee is being treated by unorthodox methods or under some other : 
B system of healing art, occasionally, regardless of embarrassment to the ; 
R. practitioner, the employee must receive straightforward advice from the 


BS industrial physician. This may consist in recommending that he con 


sult a specialist, and sometimes in sufficient diagnostic service at com 
pany expense to convince the employee or his physician. 

The relationships discussed can be applied also to special consulta 
tions and first aid treatment in the medical department. The handling 
of these cases is important in reducing sick absenteeism. Minor non 
. occupational complaints often result in sick absenteeism if not brought 

under medical control. Employees having no private physician should 


be furnished names of two or more reputable general practitioners in : 
i their neighborhood. 
" Relationships between the medical department and the designated ; 


company physicians treating occupational injuries and diseases usually 
are fairly well established, with a clear mutual understanding of the 
problems involved. Often the designated physician is also the employee's 
private physician. If he lacks knowledge of jobs and industrial con 
ditions, he may do one of two things, keep the employee away from 
work a longer period than is justified, or err in the opposite direction 
by releasing the employee for duty too soon. We have found the 
tendency today is toward too early rather than too late return to work. 
The rehabilitative effect of work in most instances is recognized. 
However, synthetic types of light duty, “fool around jobs,” if unpro- 
ductive, may retard the normal incentive to get well and in some cases 
may foster exploitation of the advantages of illness. In some instances, 
the hastening of return to work may invite recurrences of accidents, 
3 medical complications and prolonged disability. These undesirable and 
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often costly long range results may outweigh any immediate advantage 
of protecting a good lost time—accident record in a plant. 

The private physician or the designated physician should be urged 
to contact the plant medical department or the injured employee's fore- 
man regarding the nature and the physical capacity requirements of the 
job. This will also avoid the few cases in which an employee, because 
of an insignificant type of injury, obtains advice to stay away from work 
by giving a distorted account of the physical requirements and hazards 
of his job to the attending physician. 

The private practitioner unwittingly may became a party to an 
unwarranted and even fraudulent claim of occupational disease or injury 
because of lack of knowledge of industrial conditions. Employees occa- 
sionally make diagnoses of occupational disease on hearsay. In these 
cases the industrial medical department should contact the private 
physician, indicate a desire to control all health hazards and convey a 
willingness to cooperate in investigating the case in question. The 
industrial medical department usually has a knowledge of the exposure 
and is able to advise the private practitioner as to the kinds and amounts 
‘of substances, whether they be gases, dusts or fumes, with which the 
employee comes in contact. Ordinarily the private physician on being 
apprised of the facts will look elsewhere for the basis of the employee's 
symptoms. Relatively few employees know which, if any, occupational 
hazards exist at their places of work. I have seen employees, however, 
who, on the basis of hearsay, influence a family physician to make 
unreasonable and untenable diagnoses. If such a diagnosis can be caught 
early and discussed with the family physician, much embarrassment can 
he avoided for all concerned. 

In certification of sick benefits under sick pay plans, we rely heavily 
on the private physician for his diagnosis and an estimate as to when 
disability started and when it will end. The private physician, by virtue 
of patient-physician relationship, is a champion and advocate of his 
patient's welfare. To a busy practitioner, certifications become a chore 
In these days of voluntary health insurance, unemployment compensa 
tion disability insurance, sick benefit plans and other plans related to 
employees’ health, the average practitioner is deluged with papers to 
be certified. In many situations he must risk one of several possibilities : 
an irate patient; loss of the patient's confidence; unwittingly becoming 
a partner to some unjustified claim of illness. Equanimity must be dis- 
played by industrial physicians in matters concerning the certincation 
of illness. In the majority of questionable cases, personal contact with 
the private physician will explain or justify many situations which are 
not justified on paper. Any attempt at “second guessing” on the part 
of the industrial physician is hazardous 


i 
‘ 
if 


LUONGO--RELATIONSHIPS OF INDUSTRIAL MEDICINE 487 


Occasionally the action taken by the medical department in issuing 
a notice of physical limitations becomes a labor relations matter. Most 
of these situations can be resolved amicably by frank discussion between 
the plant physician and union representatives. Such approaches to the 
medical department should be made through proper industrial relations 
channels. Occasionally medical evidence is presented from the 
employee's private physician, who examined the employee without 
the benefit of the clinical and laboratory information available to the 
industrial medical department. The union representative in helping 
the employee present his case will submit a statement from the private 
practitioner. Generally speaking, such statements are brief and contain 
an unqualified opinion to the effect that the employee can return to his 
usual work. The practitioner often is not familiar with the employee's 
usual work or may have a distorted opinion of it presented to him by 
the employee. In such instances it is important to explain to union rep 
resentatives (with consent of employees) the nature of the physical 
findings on record in the medical department and to indicate what 
procedures were necessary in arriving at these findings. The industrial 
physician should then communicate with the private practitioner. The 
medical ethics governing such a discussion are the same as between 
any two private practitioners. If an agreement cannot be reached on 
the diagnosis, the industrial medical department should be willing to 
have the employee given an examination by one of its specialists in the 
particular field of medicine involved. The plant physician should enter 
tain a change of opinion in diagnosis as a result of further medical 
evidence. Once the diagnosis is established, his opinion should be final 
in regard to the question of physical limitations as they relate to the job 

In summary, it should be emphasized that industrial medical practice 
is being given rightful recognition and proper status. It is becoming 
recognized as a specialty in its own right. To perpetuate this status, 
every industrial physician has certain responsibilities in his relation- 
ships with other members of the medical profession. Industrial medi- 
cine, if properly practiced, taxes the ingenuity of a physician more than 
any specialty. He must be conversant with the principles of all 
specialties in medicine, and in dealing with his colleagues in private 
practice show basic knowledge of their problems, whether these be 
related to pediatrics or brain surgery. To hold or win their confidence, 
he must display a well rounded knowledge of his own field, including 
industrial hygiene. If he himself is confused, he cannot be expected to 
clarify problems for others. In addition, he must have a firm grasp on 
principles of human relations and public relations. He must realize 
that it is not sufficient to convince people intellectually, that they must 
also be convinced emotionally. This applies not only to the patient, the 
employee, but to the physician’s dealings with his colleagues in private 
practice. 
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INJURIES FOLLOWING CONTINUED ADMINISTRATION 
OF CADMIUM 


Preliminary Report of a Clinical and Experimental Study 


LARS FRIBERG, M.D. 
STOCKHOLM, SWEDEN 


N AN EARLIER paper * I reported anosmia, pulmonary emphysema 
and proteinuria as occurring in 19 workers in a factory making 
alkali storage batteries. These symptoms seemed to have their origin 
in the fact that the men were exposed to cadmium and/or nickel dust. 
Similar disorders have not been described earlier in medical literature. 


CLINICAL SIGNS AND SYMPTOMS 


The clinical investigation has been expanded to include examination 
of practically all the men who were exposed to cadmium-nickel dust. 


Thus my material now consists of 43 men who have been employed at 


the factory for a long time (average length of service, 20.2 + 1.0 years; 
maximum, 34 years; minimum, 9 years) and 15 men whose period 
of employment is comparatively short (average 2.1 + 0.3 years; 
maximum, 4 years; minimum, 1 year). The symptoms which might 
have been caused by the men’s exposure to cadmium and/or nickel dust 
occurred practically exclusively in the men of the first group. The main 
signs and symptoms were as follows: 

1. Anosmia. This symptom was found in 14 of 43 men examined 
and in 2 more the faculty of smelling was partly injured. 

2. Pulmonary emphysema. By spirometric examination, which was 
performed according to the method of Birath,’ a statistically proved 
emphysema was established as compared with a Swedish control mate- 
rial of the same age distribution. 

From the Industrial Hygiene Department, National Institute of Public Health, 
and the Department of Occupational Diseases, Medical Department, Karolinska 
Sjukhuset. 

1. Friberg, L.: Proteinuria and Kidney Injury Among Workmen Exposed 
to Cadmium and Nickel Dust, J. Indust. Hyg. & Toxicol. 30:32, 1948. Reference 
is made to this paper for literature on the subject. 


2. Birath, G.: Lung Volume and Ventilation Efficiency, Acta med. Scandinav., 
1944, supp. 154, p. 1. 
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3. Low physical working capacity. In examining with a bicycle 
ergometer (in the manner of Wahlund*) I found considerably lower 
physical working capacity in my own material than in a control material 
of the same age distribution. 

4. Proteinuria. With nitric acid urinalyses (Heller test) proteinuria 
was found in 28 of 43 men examined, and with trichloroacetic acid the 
same sign was found in 35. As a rule, the protein reactions were 
strongly positive. In the quantitative investigation of protein contents 
with trinitrophenol (picric acid) in the manner of Esbach, however, 
precipitation was obtained in only a few cases. Even when the urine was 
boiled with 1/10 volume of acetic buffer according to Sérensen, opal- 
escence, but no precipitation, was obtained except in a very few cases. 
Microscopic urinalysis showed normal conditions except in 2 cases 
Electrophoretic and ultracentrifugal investigations * showed that the 
principal component is a special type of protein having a probable molec- 
ular weight between 20,000 and 30,000 

5. Impairment of renal function. An inulin clearance test was made 
on 19 men. Not counting 1 man with only one kidney, the test gave an 
average value of 90.4 + 5.6 cc. per minute, which when compared with 
the value for Swedish control material (average value, 124.1 + 2.2 
{n =< 36] cc. per minute, according to Hogemann *) gives a statistically 
proved difference. 

Concentration tests, in the manner of Lundsgaard, were made on 43 
men. Except for the aforementioned man with only one kidney, there 
was the following distribution as regards maximum specific gravity : 
Maximum Specific Gravity of Urine Cases 

1,016-1.020 12 
1.021-1.025 18 
1.026-1.030 12 


Alving and Van Slyke ° reported that the specific gravity of the urine 
of healthy persons exceeds 1.025 in this test, and usually reaches 1.030. 

6. Increased sedimentation rate. Determinations of the erythrocyte 
sedimentation rate (Westergren technic) were made on all 43 men and 
gave an average of 24 + 3 mm. per hour (maximum, 94 mm.; mini- 
mum, 1 mm). 


3. Wahlund, H.: Determination of the Physical Working Capacity, Acta 
med. Scandinav., 1948, supp. 215, p. 9. 


4. These investigations, made by Dr. B. Olhagen, will be published elsewhere. 

5. Hogemann, O.: Clearance Tests in Renal Disorders and Hypertension, 
Acta. med. Scandinav., 1948, supp. 216a, p. 1 

6. Alving, A. S., and Van Slyke, D. D.: Significance of Concentration and 
Dilution Tests in Bright's Disease, J. Clin. Investigation 13:969, 1934 
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7. Impairment of hepatic function. A liver function test was made 
on 19 men, and in a few cases slight parenchymal injuries were possibly 
indicated. 

In the course of a visit to England, France and Germany, | had, 
either in person or through the courtesy of the factory physicians,’ the 
opportunity of making certain protein tests of urine samples irom the 
workmen of three similar factories, as well as olfaction tests. At the 
German factory the erythrocyte sedimentation rate was also determined. 
My data from Swedish factories were confirmed. The investigations 
performed at the French factory indicate that the cadmium to which 
the men are exposed is the cause of the proteinuria at least. At this 
factory it was possible to prove that 3 workmen who were exposed to 
cadmium but not to nickel were excreting protein in the urine, whereas 
it was not possible to prove the occurrence of proteinuria in 8 men who 
were exposed to nickel but not to cadmium. 

These men at the English, French and German factories had been 
given medical examinations earlier, That no proteinuria was found then 
is probably due to the fact that the urine was tested for proteins only by 
boiling. 


ANIMAL 


EXPERIMENTS WITH 


INHALATION OF CADMIUM DUST 


In order to throw some light on the question as to what extent the 
signs and symptoms of disease observed in the workmen were caused by 
the cadmium and/or nickel dust to which they were exposed, certain 
animal experiments have been performed. 


Experimental Conditions.—A total of 25 rabbits, divided into two groups, were 
put in an exposure chamber, where they inhaled finely pulverized cadmium (with 
an admixture of approximately 20 per cent iron) which had been mixed with air 
by the use of a dust shaker, according to Deichmann.* The size of the particles 
composing the metal dust was for the most part < 5 microns. The rabbits were 
placed so that only their heads were in the exposure chamber. The concentration 
of dust was determined by the filter paper method. 

Group | included 13 rabbits, 4 females and 9 males. For a period of about 
seven months they were exposed to iron-cadmium dust in a concentration of 
0.01 mg. pér liter of air during a period of three hours, usually six days a week.* 
If, on any occasion the concentration of dust was too great, the time of exposure 
was shortened accordingly The average concentration of iron-cadmium dust as 
related to the daily time of exposure was: 1.7 +0.1 min. x 


mg. per liter of air 


7. Prof. R. Lane, Manchester, England; Prof. E. Baader, Hamm, Germany; 
Dr. Barthélemy, Paris, France 


8. Deichmann, W. B.: “Dustshaker”: Apparatus Designed for Production 
4 Controlled Dust Concentrations in Air Breathed by Experimental Animals, 
!. Indust. Hyg. & Toxicol. 26:334, 1944. 


9. The LDe (rabbits) for the iron-cadmium dust is 0.04 mg. per liter of air 
during a four hour exposure 
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The 10 animals which survived the experiment were killed with curare, injected 
intravenously, and bleeding. In 9 cases this was done immediately after the dis- 
continuance of the experiment; in 1 case, a couple of months later. 

Group 2 comprised 12 rabbits, 4 females and 8 males. For a period of about 
nine months they were exposed to the metal dust in a concentration of 0.007 mg. 
per liter of air during three hours, usually six days a week.* For this group, 
too, the time of exposure was shortened according to circumstances. The average 
concentration of dust in relation to the daily time of exposure was: 1.2 + 0.05 
min. mg. per liter of air 

All animals in this group were killed immediately on the discontinuance of the 
experiment by intravenous injection of curare and bleeding. 


Results: Mortality—In group 1, 2 male rabbits died after one 
month. In both the postmortem examination showed hemorrhagic bron- 
chopneumonia. In one there was also a slight fat infiltration of the 
kidneys.*° 


No animals of group 2 died in the course of the experiment. 


Wetght.—All the rabbits were weighed immediately before the 
beginning of the experiment and, as a rule, at least twice a month until 
the end of the experiment. At the beginning of the experiment the 10 
rabbits of group 1 which survived and all the animals of group 2 had 
an average weight of about 2 Kg. (all were young). All the rabbits 
gained in weight, the average weight immediately before the end of the 
experiment being approximately 3 Kg. 

Urinalyses.—With all animals at least once to twice a month, as a 
rule, protein tests were made on centrifuged urine by precipitation with 
nitric acid (Heller test) and with trichloracetic acid. When reactions 
were positive, boiling tests (Sorensen) were made, Microscopic analyses 
of urines with positive protein reactions were made on various occasions. 

Before the beginning and during the first few months of the experi- 
ments, about 50 urinalyses were made, protein being found only excep- 
tionally ** and only with trichloroacetic acid. After about four months’ 
exposure, proteinuria was found in certain rabbits in both groups. 
Thereafter the proteinuria became more and more constant. Among the 
22 rabbits that survived the experiments there were 9 in which pro- 
teinuria gradually appeared as a practically constant sign of renal impair- 
ment; in another 6 its presence was indicated by approximately half of 
the urine tests made, and in another 5 the analyses showed proteinuria 
on isolated occasions. Only 2 rabbits had negative urine reactions all 
through the period of the experiments. The urinary protein varied in 
quantity but, generally speaking, the amount was comparatively small 
(judged by the thickness of the layers precipitated with trichloroacetic 


10. One animal in this group was killed after about four months 


11. If the tests are made on urines that have not been centrifuged, positive pro- 
tein reactions may be obtained. even with urines from healthy rabbits 
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acid and nitric acid). This is also apparent from the fact that on several 
occasions the presence of protein could be proved only through trichloro- 
acetic acid precipitation, the most sensitive of the two methods used. 
Normal conditions were found in the microscopic urinalyses. 


Blood Studies.—Counts of red blood corpuscles, determinations of 
the hemoglobin contents and erythrocyte sedimentation rates (Wester- 
gren) and differential counts of white blood corpuscles were made in 
connection with the killing of the animals. A pronounced eosinophilia 
was found in the animals of both groups as compared with a control 
group of healthy rabbits. Other tests gave normal results except for 
slight anemia in some instances. 


Postmortem Observations.'*——The microscopic examination of organs 
(nasal mucous membrane, windpipe, lungs, heart muscle, spleen, liver, 
kidneys and bone marrow) from the 21 rabbits which were killed 
immediately after the discontinuance of the experiments generally gave 
similar results and revealed the following changes: The mucous mem- 
brane of the nose showed slight chronic inflammatory changes in 16 of 
21 cases in which it was examined. Chronic tracheitis was observed in 
20 of 21 windpipes examined. Chronic bronchopneumonia and more or 
less pronounced emphysema were seen in all cases. In most of the lungs 
the emphysema was easily seen even macroscopically, and often it was 
4 very pronounced. The lung changes were as a rule most in evidence 
s among the rabbits of group 1. The liver revealed slight to moderate fat 
‘ infiltration in the majority of cases. Similar changes were also found, 
however, in control observations on healthy rabbits. In the kidneys 
there were foci of inflammation. Heart muscle, spleen and bone marrow 
disclosed no pathologic changes 


CHRONIC ANIMAL EXPERIMENTS 


OF 


WITH 
CADMIUM 


SUBCUTANEOUS 
SULFATE 


APPLICATION 


As stated in the foregoing pages, proteinuria was found in most 
of the rabbits in these experiments with chronic inhalation of cadmium 
dust. The quantities of protein excreted were comparatively small, 
however, In order to obtain greater absorption of cadmium, if possible, 
chronic experiments are being made with subcutaneous injections of 
cadmium sulfate. 


\ total of 15 rabbits have received subcutaneous injections, as a 
rule, six days.a week, with 0.5 cc. of a 0.3 per cent cadmium sulfate 
solution per kilogram of body weight (— 0.63 mg. metallic cadmium 
per kilogram of body weight).'* The experiments were begun about 
four months ago. 


12. Dr. G. Hultquist, of Stockholm, Sweden, gave assistance with the micro 
scopic examinations. 


13. L.De (rabbits) is 6.3 mg. metallic cadmium per kilogram of body weight 
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Results: Urinalyses—-The tests for urinary protein were usually 
performed at least once or twice a month and with the same methods 
as in the chronic inhalation experiments (see foregoing section). At 
the time of the control tests, before the beginning of the experiments, 
none of the rabbits had proteinuria. About one month after the beginning 
of the experiments only a few rabbits were found excreting protein in 
the urine, but after two to four months this excretion had developed in 
all the rabbits as shown with trichloroacetic acid as well as with nitric 
acid. The reactions were generally strongly positive. The micro- 
scopic urinalyses indicated normal conditions in all cases. Electro- 
phoretic urinalyses made in 2 cases showed changes very similar to 
those found in urine from the workmen of the storage battery factory. 

Blood Studies.—Counts of red blood corpuscles and determinations 
of hemoglobin contents were made, and after about four months there 
was pronounced anemia with hemoglobin contents of only about 20 per 
cent and red blood corpuscle counts of approximately 2,000,000 per 
cubic millimeters in some cases. 

Postmortem Observations.—After about two months 6 rabbits were 
killed, all of which had been found to have strongly positive urinary 
protein reactions. 

The microscopic examination showed cirrhosis of the liver and pro- 
nounced hyperplasia of the spleen in all cases. 

Other organs have not yet been examined under the microscope but 
were macroscopically normal. 


COM MENT 


Clinical Signs and Symptoms.—-In workmen in an alkali storage 
battery factory, an unknown occupational disease has been observed. 
The signs and symptoms are briefly: anosmia, emphysema, proteinuria 
(probably of a low molecular type), increased erythrocyte sedimentation 
rate and impairment of renal function. 

The men were exposed to cadmium and nickel dust and, to a lesser 
extent, to iron and graphite dust. As is well known, iron and graphite 
dust may give rise to changes similar to pneumonoconiosis. Such 
changes were not observed, and it is believed that those elements can 
be excluded as the cause of the signs and symptoms of disease in 
question. 

Whether in the cases here reported the etiologically important 
factor is the cadmium or the nickel dust cannot be determined with cer- 
tainty on the basis of clinical examinations alone. However, in a French 
factory 3 workers who were exposed only to cadmium had proteinuria 
of the same type as the Swedish workmen. Other workers of the same 
French factory who were exposed only to nickel dust. on the other 
hand, did not have proteinuria. These circumstances speak in favor of 
cadmium as the cause of the proteinuria at least. 
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Animal Experiments——1. Pulmonary injuries. Emphysema and 
chronic bronchopneumonia were found under the microscope, generally 
also macroscopically, in all the rabbits in the cadmium inhalation experi- 
ments. Those which were given subcutaneous injections of a cadmium 
sulfate solution had macroscopically normal lungs, however. As expected, 
this fact seems to prove that the injurious effect of cadmium dust inhaled 
into the lungs is due to local action of the metal dust. Whether chronic 
changes caused by nickel dust can also occur, can be decided only 
through chronic inhalation experiments with this dust.* Earlier research 
(Forssman '*) and my own experience show that inhalation of nickel 
dust may cause severe acute injuries of the lungs. It cannot be consid- 
ered improbable, therefore, that chronic damages may also occur, and it is 
possible that the emphysema found in the workers of the storage battery 
factory were caused by the nickel dust as well as the cadmium dust to 
which the men were exposed. 

2. Proteinuria. Proteinuria of a special type, similar to that found 
in the men, was found in rabbits exposed to cadmium dust as well as 
in rabbits into which a cadmium sulfate solution had been injected sub- 
cutaneously. In repeated tests of urine from rabbits which had been 
exposed to nickel dust for several months, no proteinuria has been 
found, however. These facts seem to corroborate the belief that the 
proteinuria found among the men of the storage battery plant is due 
exclusively to the inhaled cadmium dust. 

3. Blood changes. Counts of red blood corpuscles and determinations 
of the hemoglobin contents showed normal conditions among the men. 
This agrees well with the animal experiments. In the chronic inhalation 
experiments with cadmium dust I found generally normal conditions or 
only slight anemia as regards the number of red blood corpuscles and the 
hemoglobin contents. 

The chronic animal experiments with subcutaneous injections of a 
cadmium sulfate solution, however, showed that cadmium may cause 
anemia in rabbits. As related in the foregoing pages, in these experi- 
ments I found blood values of only about 2,000,000 red blood corpuscles 
per cubic millimeter in certain cases as well as hemoglobin contents of 
about 20 per cent. The reason that anemia was not found in the men or 
in the rabbits of the chronic inhalation experiments may be that the 
absorption of cadmium had not been sufficient to cause anemia, but it 
may also be looked for in the fact that there was an admixture of 20 
per cent iron in the cadmium dust 

14. At the time of writing some 20 rabbits have been exposed for about five 
months to nickel dust in the same manner in which those of the experiments 
described were exposed to cadmium dust. 


1S Forssman, S Unpublished data 
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Most of the storage battery factory workers had increased erythro- 
cyte sedimentation rates, as stated in the foregoing pages. A similar 
change could not be found in the rabbits which were exposed to cadmium 
dust. 


4. Renal injuries. In the men examined, inulin clearance and/or 
thirst tests often demonstrated a decrease of renal function. Similar 
tests were not made on the experimental animals, but changes similar 
to tubular nephritis were often observed in the microscopic examination 
of kidneys from rabbits of the chronic inhalation experiments. Such 
changes were not found in a control material of healthy rabbits. Kidneys 
from the rabbits given subcutaneous injections of a cadmium sulfate 
solution have not yet been examined under the microscope. 


5. Injuries of liver and spleen. On the whole, injuries of liver and 
spleen were found only in animals into which cadmium sulfate had been 
injected. Both hepatic and splenic injuries were found in all the 6 rabbits 
of this group which have so far been killed. The injuries of the liver 
appeared microscopically as a more or less pronounced cirrhosis and 
those of the spleen as a strong hyperplasia with a weight exceeding that 
of the normal rabbit spleen ten times in several cases. It is hard to 
decide whether the injuries of the liver or those of the spleen are pri- 
mary, but it seems probable that the cirrhosis of the liver is the important 
factor and that the hyperplasia of the spleen is secondary to it. In view 
of the central role of the liver in protein metabolism, it is possible that 
an injury of the liver is the cause of the formation of the pathologic 
protein which was found in the urine of the men and the experimental 
animals. The lack of provable hepatic injuries in the men as well as in 
the rabbits which had inhaled cadmium dust does not prove the opposite 
in view of the fact that, generally, an insignificant injury of the liver 
can hardly be demonstrated with the usual clinical liver function tests, 
nor at the microscopic examination. 


SUM MARY 
Clinical Signs and Symptoms.—In the examination of 43 workmen 
exposed to cadmium and nickel dust in an alkali storage battery plant 
the following signs and symptoms of pathologic effects were found: 

1. Anosmia in 16 of 43 men. 

2. Emphysema of the lungs. The spirometric examination ( Birath *) 
established a statistically proved emphysema of the lungs of these workers 
as compared with Swedish control material. 

3. Low physical working capacity in most cases 

4. Proteinuria in 35 of 43 men. Tests speak in favor of the urinary 
protein being, mainly, a special type of protein with a probable molecular 
weight between 20,000 and 30,000 
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5. Increased erythrocyte sedimentation rate (Westergren). The 
average for all the 43 men was 24 + 3 mm. per hour (maximum, 94 
mm. per hour). 


6. Impairment of renal function, shown on determination of inulin 
clearance and/or maximum concentration ability. 


Tests of urines from workmen at similar factories in England, Ger- 
many and France corroborate Swedish experience. Proteinuria was 
found in 3 French workmen who were exposed only to cadmium, whereas 
8 men who were exposed only to nickel lacked this sign of pathologic 
change. This fact is an indication that the proteinuria is due to the 
inhalation of ‘cadmium and not to that of nickel. 


Animal Experiments with Inhalation of Cadmium Dust.—Rabbits 
were exposed to cadmium dust for about three hours daily over a period 
of seven to nine months. After about four months proteinuria was 
found in certain rabbits, and after another two months, in most of the 
animals. The protein seemed to be of the same type as that found in 
the men. Blood counts showed the occurrence of eosinophilia. On 
postmortem examination the following changes were noted : 


7 1. Mucous membrane of the nose: slight chronic inflammatory 
changes in 16 of 21 rabbits examined. 


Windpipe : tracheitis chronica in 20 of 21 animals examined. 


w 


Lungs: chronic bronchopneumonia and emphysema in all. 


Kidneys: foci of inflammation in the kidneys of most of the | 
animals. 


Animal Experiments with Subcutaneous Injection of Cadmium Sul- 
fate-—Fifteen rabbits were given daily injections of a cadmium sulfate 
solution. The experiments were begun four months prior to the time of 
writing. After two to four months, proteinuria was demonstrated in all 
the rabbits. The protein seemed to be similar to that found in the work- 
men. Blood counts and hemoglobin determinations showed anemia. Post- 
mortem examination of the 6 rabbits killed so far revealed cirrhosis of the 
liver and pronounced hyperplasia of the spleen in all. Other organs have 
not yet been examined under the microscope. 


CONCLUSION 


The clinieal and experimental investigations show that the pro- 
teinuria was caused by the cadmium to which men and animals were 
exposed. The emphysema found in the workmen, on the other hand, 
probably was due mostly to the cadmium dust in the factory but possibly 
also to the nickel dust. | 


A more detailed report of the investigations will appear as a sup- 
plement to Acta medica Scandinavica (1950). 
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POTENTIAL SOURCES OF ERROR IN BLOOD LEAD 
DETERMINATIONS DUE TO DIFFERENT 
METHODS OF BLOOD SAMPLING 


ROSEDITH SITGREAVES, M.A. 
Associate Statistician, Division of Industrial Hygiene, Bureau of State Services, Public Health Service 
AND 
IRVING MAY, MS." 
Associate Chemist, Division of Industrial Hygiene, Bureau of State Services, Public Health Service 
WASHINGTON, D.C 


N COLLECTING blood samples, two procedures are commonly 


used. In the first, blood is drawn into a needle attached to a glass 
syringe, and then transferred to a test tube; the tube is stoppered with 
a cork stopper until the sample is analyzed. In the second procedure a 
test tube closed with a gum rubber stopper is partially evacuated by 
puncturing the stopper with a syringe needle and pumping out air 
through the needle. On removal of the needle the stopper closes the 
hole and maintains the vacuum. A blood sample is collected by inserting 
a needle mounted in a special holder into a vein of the patient, and then 
puncturing the stopper of the evacuated tube with the other end of the 
needle. After the blood has been taken, the needle is removed from the 
stopper, the rubber again sealing the tube. 

The second procedure is less likely to result in accidental contami- 
nation of the blood sample. It therefore presents particular advantages 
when samples are taken in the field and sent to a base laboratory for 
analysis. However, the possible effect of the rubber stopper on chemical 
constituents of the blood seems worthy of investigation. Further, since 
test tubes of both soft and pyrex glass are frequently used, it appears 
desirable to evaluate possible differences in observed concentrations due 
to differences in the types of glass. In this paper, it is purposed to 
examine the validity of differences in a series of blood lead concentra- 
tions determined for samples of blood from a common source, due to 
differences in the types of stopper and types of glass used. 


DESIGN OF EXPERIMENT 


A quantity of pooled normal human blood from the blood bank of a United 
States Marine Hospital was available for experimental purposes, sufficient to 


* Now Chemist, Geochemistry and Petrology Branch, United States Geological 
Survey 
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permit the taking of more than 200 samples. The soft glass test tubes and the 
rubber stoppers employed in the study were those purchased from the manufacturer 
of evacuated blood sampling tubes. Over 100 each of soft and pyrex glass test 
tubes and of cork and rubber stoppers were cleaned, and about half of each set 
of test tubes were evacuated for use with the rubber stoppers. The prepared test 
tubes were placed in a random order, and samples of the pooled blood were 
taken. In subsequent handling of the samples, no attempt was made to avoid 
contact of blood samples and stoppers. The blood had previously been well mixed. 
The order of the test tubes was again randomized, and the samples were numbered 
for analysis. 

The samples were analyzed for lead concentration by a current dithizone 
method.' All determinations were made by one of us (I. M.). 


CHEMICAL PROCEDURE 


The test tubes used were new and were cleaned in the following manner: They 
were first washed with hot water containing duponol® (a wetting agent) and were 
then completely immersed in concentrated nitric acid and heated on the hot plate 
for two hours. The nitric acid was poured off, and the tubes were washed four 
times with distilled water and then twice with double-distilled water. The tubes 
were dried in the oven. 

The corks and rubber stoppers were cleaned by heating in a 2 liter beaker with 
a concentrated solution of sodium acetate containing 25 cc. of acetic acid per 
liter. The stoppers were weighed down with a smaller beaker filled with water. 
They were heated on the hot plate for two and one-half hours and the acetate 
solution was then poured off. They were rinsed three times with distilled water, 
then four times with distilled water, and twice with double-distilled water. In 
each wash the stoppers were covered with the water and heated on the hot plate 
for thirty minutes. 

In determining lead concentrations, the samples were transferred to weighed 
125 cc. Philipps beakers (analytic balance), and the beakers were weighed again. 
The samples were wet ashed with 3 cc. of sulfuric acid, about 8 cc. of nitric acid 
and 1 ce. of perchloric acid. The samples were then analyzed in the usual manner 
(bismuth separation) except that the final extraction was made with 15.0 cc. of 
dithizone solution (8 mg. per liter). The samples were read in matched test tubes 
in a Coleman spectrophotometer. A blank was run for about every 22 samples. 


ANALYSIS OF DATA 


\ltogether, 226 samples of pooled normal human blood were analyzed 
for lead concentration by the given dithizone method. The values 
obtained range from 0.0151 to 0.0397 mg. of lead per hundred grams 


of blood, the mean blood lead concentration of the 226 samples being 
0.0247. 


Table 1 presents for each type of stopper and glass the distribution 
of the frequency of observed values per group of 0.002 mg. together with 
the mean and the standard deviation of each distribution. It will be 


1. Jacobs, M. B.: Procedures for Determination of Lead, in Cantarow, A., 


and Trumper, M.: Lead Poisoning, Baltimore, Williams & Wilkins Company, 
1944, chap. 12 
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observed that the four standard deviations are relatively stable. It 
appears likely, therefore, that although the mean value of blood lead 
concentration may vary with the different types of stopper and glass, the 
variability of concentrations about the mean, as measured by the standard 
deviation, reinains the same. The value of this common standard devia- 
tion is estimated as 0.0036 mg. of lead per hundred grams of blood. 

The value of 0.0036 mg. represents a measure of the minimum 
variability to which a single blood lead concentration determined by the 
given dithizone method is subject. It includes variability due to chance 
differences in various factors entering the performance of a standard 


TasLe |.—Distribution of the Frequency of Observed Values of Blood Lead 
Concentration Determined by a Dithizone Method, for Samples of Pooled 
Normal Human Blood Taken by Four Different Sampling Methods 


Sampling Method 


I: II: IV 
Cork Oork Rubber Rubber 
Lead Concentration, Stopper, Stopper, Stopper, Stopper, 
Mg. per 100 Gm. of Blood Soft Glass Pyrex Giass Soft Glass Pyrex Glass 
0.0140-0, 0150 0 
0.0100-0.0179 0 
0.0180-0.0199 
0.0200-0.0219 
0.0220-0.0239....... 
0.0240-0.0259 
0.0260-0,0279. 
0.0280-0.0299 
0.0800-0.0319 
0.0820-0.0339........ 
0.0360-0,0879. .... 
... 


Total number of samples...... 55 
Mean blood lead concentration 0238 
Standard deviation of a sample 0088 


laboratory technic, but excludes variability due to differences in the 
person performing the analysis or to the type of stopper or glass used. 

To test the hypothesis that the type of stopper used has no effect 
on observed blood lead concentration, a statistic is determined from the 
observed values which under the hypothesis tested is approximately 
normally distributed with zero mean and unit standard deviation. The 
hypothesis is rejected at the 1 per cent level if the computed value of the 
statistic exceeds 2.6 in absolute value. Similarly, statistics may be 
computed to test the hypotheses that the type of glass used has no effect 
on observed blood lead concentration, and that there is no effect on 
observed blood lead concentration due to the interaction of a particular 
type of glass and a particular type of stopper. The results of the tests 
are summarized in table 2. 
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Thus it appears that only the difference in the types of stopper used 
introduces a difference in observed blood lead concentrations which is 
statistically significant. With the use of the observed values, it may be 
estimated with a confidence coefficient of 99 per cent that the expected 
difference due to a difference in the two types of stoppers is in the range 
0,0008 to 0.0033 mg. of lead per hundred grams of blood. A difference 
no greater than 0.0033 mg. is not practically significant. 


TABLE 2.—Summary of the Results of the Tests 


Statistic 
Computed 
from Conclusion Con 
Observations cerning 
(Absolute Critica! Hypothesis 
Hypothesis Tested Value) Value Tested 
The type of stopper used has no effect on 43 2.6 Hypothesis 
observed blood lead concentration is rejected 
The type of glass used has no effect on 0 26 Hypothesis 
observed blood lead concentration is accepted 
There is no effect on observed blood lead . J Hypothesis 
concentration due to the interaction of a is accepted 
particular type of glass and a particular 
type of stopper 


CONCLUSIONS 


On the basis of the present data it appears that the type of glass test 


tube used, whether pyrex or soft glass, has no effect on the observed 
value of blood lead concentration determined by a dithizone method, nor 
is there any effect due to the interaction of a particular type of glass and 
a particular type of stopper. The difference in the type of stopper used 
introduces a difference in observed blood lead concentration which is 
estimated as no greater than 0.0033 mg. of lead per hundred grams of 
blood, a difference which is considered of no practical significance. 
This problem was suggested by Dr. A. Link Koven, Surgeon, United States 


Public Health Service. Dr. W. M. Gafafer and Dr. F. H. Goldman gave advice 
and assistance in the preparation of the paper. 
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News and Comment 


INDUSTRIAL HEALTH CLINICS FOR WISCONSIN 
The State Medical Society of Wisconsin is conducting three industrial health 
clinics during April and May. The schedule and program for each clinic follow 
April 13. Kohler Manufacturing Company, Kohler, Wis.: 2 to 3:30 p. m,, 
plant tour; 3: 30 to 5: 30 p. m., scientific program, as follows 
“The Treatment of Electric Burns” Ernest Miller, M.D., Milwaukee 
“The Treatment of Hand Injuries”...William Frackelton, M.D., Milwaukee 
“Industrial Dermatosis”..... Clifford Kalb, M.D., Milwaukee 
“Managing the Person with Cardiac Disease in Industry” 
Chester Kurtz, M.D., Madison, Wis., dinner speaker 
April 20. Consolidated Water Power & Paper Company, Wisconsin Rapids 
(same program as for Kohler) 
May 3. Globe Union Company, Milwaukee: 2 to 3:30 p. m, plant tour; 
3: 30 to 5:30 p. m., scientific program at the Plankinton Hotel, as follows 
“Toxic Solvents”... .. FE. L. Belknap, M.D., Milwaukee 
“Treatment of Hand Injuries” Harvey S. Allen, M.D., Northwestern University 
“Industrial Aspects of Heart Disease” LeRoy Sloan, M.D., 
University of Illinois, dinner speaker 


LABELING OF BENZENE AND CARBON TETRACHLORIDE 
REQUIRED IN MASSACHUSETTS 

Commissioner John J. Del Monte, of the Massachusetts Department of Labor 
and Industries, has announced the promulgation of rules and regulations relative 
to the labeling of receptacles containing benzene (benzol) and carbon tetrachloride 
effective Jan. 1, 1950. Copies of the rules and resgulations may be obtained from 
Division of Industrial Safety, Massachusetts Department of Labor and Industries, 
473, State House, Boston 

These rules and regulations require the labeling of receptacles in which benzene 
(benzol) or carbon tetrachloride, or mixtures containing these susbtances in 
amounts greater than 1 per cent, must be labeled if they are used, sold or stored 
in Massachusetts. The required marking differs in some respects from that 
agreed on by the Manufacturing Chemists’ Association and the Surgeon General 
of the United States Public Health Service. Labels to be considered satisfactory 


in Massachusetts must comply with the rules and regulations developed by the 
Department of Labor and Industries 


ANNUAL MEETING OF THE AMERICAN ASSOCIATION OF 
INDUSTRIAL PHYSICIANS AND SURGEONS 

The Thirty-Fifth Annual Meeting of the American Association of Industrial 
Physicians and Surgeons will take place at the Hotel Sherman in Chicago, April 
22 to 29, 1950. The theme of the conference this year will be “Teamwork in 
Industrial Health—Cooperative Service to the Individual.” Other allied groups 
will meet at the same time, according to the following schedule 

American Conference of Governmental Industrial Hygienists—April 22 to 25 


American Industrial Hygiene Association—April 25 to 27 


American Association of Industrial Dentists—April 25 to 27 
American Association of Industrial Nurses, Inc April 23 to 29 


The feature of the meeting will be a series of plant tours and visits in the 


Chicago area, designed to illustrate interesting phases of industrial health, medical 


and hygiene activities 
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Abstracts from Current Literature 


General 


TRANSACTIONS OF THE ELeventaH ANNUAL MEETING OF THE AMERICAN CoN- 
FERENCE oF GOVERNMENTAL INDUSTRIAL Hycrentsts, Detroit, April 2-5, 
1949, p. 81. 


InFLvenza “B” Eprpemic InpuSTRIAL WORKERS IN CURACAO. 
Raavte, Indust. Med. & Surg. 18:493 (Dec.) 1949. 


H. G. S. 


Workinc Lire Span or AMERICAN WORKERS 
(Oct.) 1949, 


Clague shows that while total life expectancy has been steadily increasing in 
recent decades, there have been no corresponding gains in the working life span. 
The growth of modern industry and the related occupational trends have tended 
to limit employment opportunities of older workers and to lengthen the period of 
dependency in old age. If prewar trends continue, in 1975 a 20 year old male 
worker may expect to spend an average of almost ten years outside of the labor 


force, compared with five and one-half years in 1940 and less than three years in 
1900 


E. Cracue, J. Gerontol. 4:285 


A positive program for extending working life is needed as an alternative to a 
steady increase of the period of old age dependency and of the corresponding 
economic burden. This will require concerted community action, in conjunction 
with employer and labor groups, to secure a much more flexible employment policy, 
geared to the capacities of individual workers. 


Trenvs oF EMPLOYMENT IN RELATION TO THE PROBLEMS OF THE AGING. 
Sreap, J. Gerontol. 4:290 (Oct.) 1949. 


W. H. 


Stead points out that during the same period that life expectancy has increased, 
changes have been taking place in the national economy which tend to make it 
difficult for the older worker to continue in gainful employment. One of the most 
important of these changes was a rapid shift from an agricultural to an industrial 
economy. All the major occupational groups have increased numerically since 
1940 with the exception of farmers, farm laborers and domestic servants. Since 
persons can work on the farms to a considerably more advanced age than is 
possible in industry, the decline in agricultural employment has intensified the 
employment problem of the older worker. 

The author feels that the potential cost—financial as well as political and 
social—of the failure to keep aging people productively employed might easily 
impose a burden on the remainder of the population that could become intolerable. 


PHYSIOLOGICAL 


Aspects or Berrer Hovusinc. Heinz Specnt and 


A. 
Neat, Pub. Health Rep. 64:1337 (Oct. 28) 1949. 


In suggesting the organization of a laboratory devoted to the study of the 
physiologic aspects of housing, the authors point out that “hygiene is the science 
of health and its preservation,” and “the physiological approach to these problems 
involves the study of the range of human functions which are affected by housing 
as contrasted to the usual approach which involves the study of the relationship 
of a disease entity to housing.” 


472 


i 

| 

= 
| 


ABSTRACTS FROM CURRENT LITERATURE 473 


Factual data that demonstrate the exact effects of good or bad housing per 


se on the incidence and the course of illnesses of the occupants do not exist, since 
poor housing has not been separated from other attributes of poverty, such as 
malnutrition and lack of medical care. The authors’ concern is more with the 
need for human engineering studies to provide the “essential elements on which 
to base intelligent design,” since “the physiological approach to criteria of ade- 
quate housing must be based on the study of various human functions as they are 
affected by the environment which houses may provide.” At the present time 
standards of illumination, of humidity, of temperature, of ventilation are based 
on practical experience rather than on physiologic studies to determine optimum 
conditions for efficiency and for comfort and health. For example, the incidence 
of infectious agents and of infectibility may be reduced by proper maintenance of 
humidity, whereas the criteria for the present “optimum” humidity levels have 
been set by criteria other than their effect on the efficiency of the respiratory 
system in protecting against bacterial invasion, functions which are markedly 


susceptible to changes in humidity. Manc P. Motpawzr, Boston 


Occupational Diseases and Hazards 


BroncniaL AstHMA CAUSED BY THE INHALATION OF Woop Dust. D. OrpMan, 
Ann. Allergy 7:492 (July-Aug.) 1949, 


Ordman describes the case of a man who had been a cabinet maker since 1934 
and had been in good health up to 1940, when attacks of sneezing and running of 
the nose began. At night his chest became constricted and he had difficulty in 
breathing, with wheezing. Before the outbreak of war the woods generally used 
in cabinet works in South Africa were imported and included walnut, Burma 
teak and mahogany. During the war, when importation of these woods became 
difficult, certain timbers of African origin were employed. The beginning of the 
patient’s troubles coincided with this change of woods used in the factory. He 
was compelled to leave the factory he was then working in, because of persistent 
attacks of asthma. His attempts to work in other cabinet-making factories were 
equally unsuccessful. 

The patient himself suspected the wood dust of the factory as a cause of his 
troubles because his chest became constricted after a few minutes of inhaling 
wood dust while at work. During the course of the day he was troubled with 
continuous sneezing, running of the nose and wheezing. On returning home in 
the evening he felt too ill to eat. The factory was closed on Saturdays and Sun- 
days, and on these nights the patient remained free from asthma. After a time 
he was able to work only from Monday to Wednesday, as the increasing severity 
of the attacks of asthma rendered him unfit to continue with his work for the 
remainder of the week. 


Skin tests were carried out with various inhalant substances, all with negative 
results. The patient had no food idiosyncrasies. Tests with various air-borne 
fungous extracts produced negative reactions. Tests with five woods which the 
patient handled produced severe skin reactions to kejaat (Pterocarpus angolensis), 
Western red cedar (Thuja plicata) and Congo hardwood. 

The patient was then desensitized with a combined extract of the three woods, 
obtaining complete relief from asthma and other allergic symptoms. With further 
monthly injections of the extract he was able to maintain this symptomless state, 
although his working conditions remained unchanged. 
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PNEUMOCONIOSIS AND INFECTION. 
1949 


O. A. Sanver, J. A. M. A. 141:813 (Nov. 19) 


Sander attempts to show from clinical case records that the deleterious effect 
of silicosis is largely on preexisting tuberculous foci and that relatively infrequently 
it is a factor predisposing to new tuberculosis. If the tuberculous foci are active, 
the silicosis tends to keep them active and to prevent healing, resulting in later 
slow spread of the combined lesions. Such lesions are more chronic than tuber- 
culosis alone, with tubercle bacilli not being liberated for many years, so that 
sanatorium care 1s unnecessary until the sputum or the gastric contents show 
tubercle bacilli. However, persons with clinically inactive  silicotuberculosis, 
although kept at work in nondusty atmospheres, should have frequent periodic 
examinations (at least every six months), with sputum and gastric contents being 
cultured for tubercle bacilli; a significant increase in a previously normal blood 
sedimentation rate should make one suspect a developing pathologic activity of the 
walled-off infection 

Today, with the decided reduction of dust exposure in the dusty trades, new 
cases of silicotuberculosis are no longer seen except in older workers who were 
exposed to heavier dust concentrations in the past. This and the increasing dis- 
covery and isolation of persons with active tuberculosis is helping to prevent new 
cases of silicotuberculosis to such an extent that “it will soon cease to exist as an 
occupational disease.” These data should reassure those working in the dusty 
trades and those affected with the disease. Furthermore, pulmonary tuberculosis 
is the only infection which appears to be more prevalent in persons with silicosis 


than in other workers Manc ‘Boston. 


Lesions of THE Eve rrom Raptant Enercy. Davin G. Cocan, J. A. M. A 
142:145 (Jan. 21) 1950 


The eye appears to be unusually susceptible to the damaging influence of the 
electromagnetic spectrum, excluding the visible rays, radio waves and cosmic rays. 

soth electromagnetic radiation and corpuscular radiation may cause ocular injury. 
Long infra-red waves from open furnaces give rise to cataracts, whereas short 
infra-red waves trom the sun and electric arcs cause retinitis. Ultraviolet radiation 
from the welder’s arc and from quartz mercury vapor lamps produce kerato- 
conjunctivitis, and roentgen rays tend to cause cataracts plus keratoconjunctivitis 

The diversity of harmful effects depends on the rates at which ocular media 
transmit and absorb the different forms of radiant \energy In general, those 
waves that are readily absorbed may be expected to damage superficial structures, 
whereas penetrating rays may affect any or all parts of the eye. The abiotic 
effect of greater wavelengths appears promptly, while reactions to lesser wave- 
lengths are delayed. The vulnerability of tissues exposed to radiations with an 
appreciable latent period varies as their reparative potentialities. 

The author presents a detailed discussion of the abiotic effects of the different 
wavelengths as seen in the eye as a whole and .in the cornea, the lens and the 
retina, The pathogenesis and specific lesions are described 

The only adequate form of treatment for radiation lesions is prophylaxis. How 


ever, symptomatic management of corneal lesions and removal of mature cataracts 
are indicated 


Arnotp A. Lear, Boston 


EMPHYSEMA IN ANTHRACOSILICOSIS. 


(Nov.) 1949 


B. Gorvon, West Virginia M. J. 45:299 


\ccording to Gordon, in anthracosilicosis pulmonary emphysema usually devel- 
ops as a compensatory mechanism and later becomes a complicating disturbance 
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in the pulmonary fibrosis. Anthracosilicosis is basically fibrosis with nodulation 
and emphysema, but other factors may contribute to the latter 

The author outlines the symptoms, physical signs and characteristic roentgeno- 
logic findings and says that the symptomatic treatment of pulmonary emphysema 
follows the same general plan as that of anthracosilicosis. Intermittent positive 
pressure breathing with use of oxygen and bronchodilator drugs is of value in 
many cases, Diaphragmatic elevation, as obtained by thg use of a special abdominal 
support, is effective in obesity and in low positions of the diaphragm. Although 
rest is indicated in elderly persons with respiratory distress, undue restriction of 
physical activity may become harmful. Exercise favors the resolution of inter- 
current infection. The effect of drugs is disappointing in emphysema 


ELeCTROCARDIOGRAPHIC STUDIES IN: ANTHRACOSILICOSIS P. Lane, West Vir 
ginia M. J. 45:303 (Nov.) 1949. 


This report is concerned with the correlation of electrocardiographic findings 
and the results of physiologic studies of the pulmonary function of a group of 
persons exposed to silica-containing dust while engaged in mining coal. From a 
pathologic standpoint the accumulation of silica particles in the perivascular lym 
phatic vessels with the resultant fibrosis increases the resistance in the lesser circu 
lation and leads to pulmonary hypertension. Long-standing pulmonary hypertension 
might reasonably be expected to cause hypertrophy and dilatation of the right 
ventricle with eventual decompensation. Postmortem studies have shown that 
many persons with anthracosilicosis have enlargement of the right side of the 
heart and that congestive failure is a frequent cause of death. 

The material on which this study is based consists of electrocardiographic 
observations in 148 coal miners on whom physiologic tests of pulmonary function 
were performed. 

No correlation could be found between the incidence of right heart strain and 
the roentgenographic stage of anthracosilicosis. Massive fibrosis in itself does 
not appear to increase the work of the right side of the heart. It is probable, 
however, that the smaller amount of fibrous tissue deposited around the terminal 
bronchioles and not visible in the roentgenogram plays a prominent role in the 
production of both emphysema and strain on the right side of the heart 

\ close correlation was noted between the incidence of such strain and both 
the degree of pulmonary emphysema and the decrease from predicted normal in 
the maximal breathing capacity 

It was noted that in general the lower the mean partial pressure of oxygen in 
arterial blood, the greater the incidence of strain on the right side of the heart 

The strenuous efforts inherent in the work performed by persons with anthraco 
silicosis lead of necessity to long periods of pulmonary hypertension As the 
degree of emphysema increases, the strain placed on the right ventricle of the 
heart eventually has its effect in hypertrophy, then dilatation and eventually 


failure of this chamber, The electrocardiographic changes mirror the underlying 


pathologic process involved in the increased load under which the right ventricle 
labors. 


Tae Evatvuation or Disapitity «tN ANTHRACOSILICOSIS 
Tueopos, West Virginia M. J. 45:306 (Nov.) 1949, 


Theodos says that during the past year and a half an unselected group of 375 
hard coal miners and 60 soft coal miners with various stages of silicosis have 
been admitted to the Jefferson Hospital in Philadelphia for detailed study of their 
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pulmonary function. The present report deals with the findings in the soft coal 
miners. Regarding these miners, an evaluation of the nature and the degree of 
disability was made from the clinical examination and the findings were cor- 
related with the results of the pulmonary function studies. An opportunity was 
afforded, therefore, for an evaluation of the efficiency and the limitations of the 
clinical observation. 

Eight of the 60 soft coal miners were still working at the time of this study, 
whereas the others had stopped work up to fifteen years before. The average 
period of disability was 2.2 years. The majority of the miners were in the 41 to 
60 age group, the average age being 53 years and the average underground exposure 
32 years. 

Significant previous respiratory infections were present in a little more than 
half the cases but in only 3 cases was the question of tuberculosis raised in the 
past history. 

In the great majority of the 52 cases the miner was forced to stop work in 
the mines because of dyspnea. In 6 of these cases onset of dyspnea was abrupt, 
but in the rest it was gradual in onset and was present from one to twelve years 
before causing work stoppage. 

Dyspnea was complained of in the vast majority of cases, with varying degrees 
of cough and expectoration also prominent features. Hemoptysis was uncommon. 

The presence of significant emphysema was suspected from the appearance of 
the chest and the measurements of expansion in over 50 per cent of cases, The 
resting pulse was found generally normal except in those cases in which significant 
infection was present. The blood pressure was normal or consistent with the 
patient’s age in all but 11 cases. Electrocardiograms were taken in 23 cases. In 
6 of these, the electrocardiograms showed evidences of strain on the right side of 
the heart. The author stresses that the evaluation of disability requires recognition 
and consideration of all factors which may contribute to the functional impairment. 
Associated medical disorders sufficient to cause pulmonary disability regardless of 
silicosis were observed in 16 of the 60 cases. In the other 44 the results of the 
tests of pulmonary function were correlated with the clinical impressions and were 
found related to ventilatory changes, the degree of emphysema and the respiratory 
gas exchange. The factors involved were multiple in most cases. 

A fair estimate of the degree of functional impairment can be obtained by the 
usual clinical methods when the major factors of the impairment are related to 
decreased ventilation and increased emphysema. Clinical examination will not 
reveal impairment due to deficient oxygen saturation of the arterial blood. 


Prostem or Consistent RaprotocicaL Diacnosts 1x Coat MINERS’ PNEv- 
mocontosts. C, M. Fiercner and D, Brit. J. Indust. Med. 
6:168 (July) 1949. 


In this objective and thorough analysis the authors demonstrate not only the 
presence but also the degree of error inherent in roentgenologic interpretation of 
the severity of pneumonoconiosis. In the study a total of 102 selected roentgeno- 
grams representing. a spectrum ranging from those indicating normal conditions 
to those demonstrating severe pneumonoconiosis were graded according to severity 
by ten observers with varying degrees of experience in roentgenologic interpreta- 
tion of the disease. A remarkable divergence was obtained not only between the 
grades of different observers but also between the interpretations of each observer 
in his initial and his subsequent grading of the same films. The importance of these 
results in relation to the determination of a worker's certification for compensation 
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is obvious. The authors present a detailed statistical analysis of the effect on the 
grading of various factors (roentgenographic technic, bias of observers, skill and 
experience) and discuss the validity of their results 


B. C. Kriere, Boston, 


Wet's Disease in THE NortH-East or Scortanp. J. Smitn, Brit. J. Indust. 
Med. 6:213 (Oct.) 1949. 


Observations of employees preparing fish for retail markets indicated that 


Weil’s disease (spirochetal jaundice) occurred in three grades of severity: (1) 


severe infection with jaundice, (2) mild infection without jaundice, (3) latent infec- 


tion without clinical manifestations. Of the 214 infected persons recognized, 86 


per cent were fish workers, 7 per cent farmers and 2.5 per cent sewer workers. 
Because of the preponderance of young employees, 72 per cent of the patients 
were between 14 and 30 years of age. The total mortality was 8.9 per cent; in 


patients under 50 years it was 5 per cent, and in those over 51 years, 50 per cent; j 


no deaths occurred among women. The maximum incidence occurred in the 


autumn. Chlorination of water reduces the survival time of the leptospira as P 
compared with neutral tap water. $ 
There are three clinical stages: (1) initial septicemia with chills, fever, malaise, ‘ 


jaundice and toxic nephritis, (2) toxic stage with development of antibodies and 


regression of fever but persistence of jaundice and toxic nephritis, (3) convalescent 


stage with leptospira in urine increasing antibody titer and a secondary fever in 


50 per cent. Bad prognostic signs include severe hemorrhagic phenomena, oliguria 


and rapidly increasing blood urea. : 


Also seen are leukocytosis, low hemoglobin in severe toxemia and purpura, and 
blood urea rising to 40 mg. per hundred cubic centimeters or higher, with levels 
up to 400 mg. in fatal cases. Meningitis was seen in 8 per cent, but no leptospira ‘ 


were demonstrated in the spinal fluid. Organisms may be detected by culture or 


guinea pig inoculation during septicemia. The antibody titer increases after the 


fifth day. 
Penicillin is effective experimentally and should be given during the septicemic 


phase before development of nephritis A 


Lear, Boston. 


Vrrac Capactty MEASUREMENTS IN CorRNISH TIN-MINERS. Jesste GARRAD, 
Brit. J. Indust. Med. 6:221 (Oct.) 1949 


The object of this study was to determine the association between vital capacity 
and roentgenographic lung changes and to assess the value of the vital capacity : 


as an index of man’s pulmonary condition. The methods used in the study of two 


groups of Cornish tin miners are described 


The initial survey revealed that the mean vital capacity of men whose roent- 


genograms indicated abnormal conditions was smaller than that of men with 


normal roentgenologic findings. Vital capacity is negatively correlated with age, 


and when allowance was made for age the decrease of vital capacity disappeared, 


indicating that the age factor masked any influence roentgenographic changes 


might have exerted on vital capacity. 


Detailed study of normal workers revealed significant correlation between vital 


capacity and age, height, chest expansion and length of exposure to silica dusts. 


Correlation between vital capacity and stem height, weight and exposure to metal- 


liferous mining was significant in one or other of the groups. 
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A follow-up study revealed that a decrease in observed vital capacity was shown 
to be a function of age and comparison of the observed and “expected” vital capacity 


calculated from roentgenologic chest volume proved to be of no diagnostic value 


A. Lear, Boston. 


SILICOSIS IN THE PortERtEs 
1949 


\. Merkiesoun, Brit. J. Indust. Med, 6:230 (Oct.) 


This is a report of 750 necropsies of workers who had been engaged in the 
manufacture of pottery and who were seen because of the possibility of silicosis. 
One hundred and fifty had no pathologic evidence of silicosis; most of these died 
of tuberculosis (32 per cent), cardiovascular disease (21 per cent), other respiratory 


diseases (23 per cent) and bronchial carcinoma (7 per cent). Many of them had 
worked for years without development of silicosis. The remaining 600, including 
both men and women, had definite silicosis; of these, 40 per cent had associated 


tuberculosis and 24 per cent had silicosis but died of other causes, such as cardio- 
vascular disease, primary bronchial carcinoma, nephritis and other pulmonary 


disease. The peak incidence of fatal tuberculosis was seen in late middle age 
The calculated incidence of tuberculosis associated with silicosis is less than 
usual, and the author attributes this to different analysis of data and clinical 


similarity of confluent silicosis and tuberculosis. Tuberculosis may be seen with 
silicosis of even minimal degree, and although silicosis with tuberculosis is more 


rapidly fatal than simple tuberculosis, it does not imply that tuberculosis with 
silicosis is more fulminating than simple tuberculosis. In the 217 cases of simple 


silicosis, about 80 per cent of deaths were accounted for by inanition, heart failure 
and pneumonia. 


Primary bronchial carcinoma was seen in 11] of the 150 workers who did not 


have silicosis and in 15 of the 600 who had silicosis, and the author was not con- 
vinced of any etiologic relationship. 

No organs other than the lungs were found to be significantly involved at 
autopsy 


A. Lear, Boston, 


Siticosis rN SANDSTONE WorkERS \. Metkiesonun, Brit. J. Indust. Med 
6:241 (Oct.) 1949, 


The paper is an analysis of observations made in necropsies on workers in 
several occupational groups exposed to silica dust derived from sandstone. Of 
the 275 persons examined, 210 had varying degrees of silicosis; of these, 93 had 


associated tuberculosis, proved to be such; 4 had primary bronchial carcinoma, 
and 41 died of other causes but had silicosis. In the remaining 65 there was no 
evidence of silicosis, and, of these, 6 had bronchial carcinoma, The incidence 
of tuberculosis associated with silicosis decreased] with increasing age. The survey 


is a supplement to the preceding analysis of necropsies of workers in the pottery 


industry A. Lear, Boston 


INHALATION Risk AND Particie Size in Dust Mist C. N. Davtes, 


Brit. J. Indust. Med. 6:245 (Oct.) 1949 


Particle size of inhaled dusts is decisive in determining the region of the 


respiratory tract in which the initial deposition occurs. With spherical particles of 


2 micron radius the penetration of the nose is considerable, most particles being 


H 
4 
= 
| 


ABSTRACTS FROM CURRENT LITERATURE 479 


deposited by sedimentation in the bronchioles ; few reach the alveoli. With particles 
of between 0.4 and 0.8 micron radius maximal deposition occurs in the alveoli and 
fine bronchioles. Some 80 per cent of particles of 0.1 to 0.15 micron radius are 
breathed out again; retention is minimal in this range, and deposition is entirely 
alveolar. Below 0.1 micron brownian motion causes deposition 

Retention is enhanced by slow and deep breathing, humidity and high tem 
peratures 

Particles which are not spherical (except in extreme ranges) will penetrate 
to greater depths. 

Ciliary action normally removes particles deposited in the trachea, bronchi and 
bronchioles, but it does not prevent absorption of water-soluble material. Illness 
or chemicals may impair the function of the ciliated epithelium or mucous coating 
of the respiratory tract. Particles that reach the alveoli are removed by phago 


cytes, but elimination is least effective at this level A. Leen Reston 


PNEUMOCONIOSIS IN GRAPHITE WoRKERS Denner and LD. | BAGNALL, 
Brit. J. Radiol. 22:573 (Oct.) 1949 


Dunner and Bagnall say that in addition to the clinical and roentgenologic 
evidence previously reported, anatomic and pathologic proof has now been obtained 
to justify the recognition of a graphite form of pneumonoconiosis 

There appears to be an individual susceptibility, since some employees exposed 
to graphite dust for over twenty years show no roentgenologic evidence of disease, 
whereas others, of recent employment (four years), now have extensive lesions 
that can be detected roentgenoscopically 

There is no single pathognomonic picture of graphite lung, but striation, fibrosis, 
nodulation, large opaque patches and combinations of these pictures may occur 
unilaterally or bilaterally 

The authors feel that there are two types of roentgenograms that are char 
acteristic of graphite exposure: first, the miliary “snowstorm” pattern, and sec- 
ond, sharply defined masses which vary in size and opacity. Consecutive roent- 
genograms of the lungs of | man show that these large masses develop by coales 
cence of the small lesions of the miliary type of reaction 

[he authors give brief descriptions of this patient's graphite pneumonoconiosis 
and that of another. The latter died, and necropsy was done. This revealed some 
dense adhesions between the visceral and parietal pleura of the upper lobes of both 
lungs. The lungs themselves were jet black, and a firm fibrous mass was palpable 
in each lobe of each lung. In the upper lobes these masses reached to within 2 
in. (5 cm.) of the apexes, and in the lower lobes the position was roughly central 
They were approximately 24% to 3 in. (6 cm.) in diameter. On incision, cavities 
filled with black fluid were demonstrable. The walls of each cavity were black 
and ragged. There was no detectable communication between the cavities and the 
bronchial tree. The postmortem appearance suggested central necrosis of the lesions 

Chemical analysis of the contents of these cysts did not reveal silica, but 3.5 
per cent of carbon was found in the dried material. The material was sterile 
on culture 

In addition to the large fibrous-walled cysts, there were three small fibrotic 
nodules—one in the upper lobe of the right lung, one in the lower lobe of the 
right lung and one in the lower lobe of the left lung. Numerous blackened lymph 
nodes were seen lying between the esophagus and the trachea, and small collections 
of graphite were apparent in the pleural lining of the chest wall. Microscopic 
examination showed massive fibrosis, with compensatory emphysema around the 
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fibrous areas. The fibrosis was localized around the blood vessels and lymphatic 
channels and had almost certainly begun in the perivascular lymphatic channels 
in which foreign bodies are deposited by macrophages. 


PNeuMoconiosis AND TusercuLosis 1N Dockers with GRAIN AND 
Seens. L. Dunner, Brit. J. Radiol. 22:717 (Dec.) 1949. 


Dunner presents observations on 100 dock workers who handled mainly grains 
and seeds but also iron ore, sulfur and other chemical cargoes. They were examined 
because of chest trouble. 


Among these 100 men, 22 had pneumonoconiotic lesions, demonstrated on the 
roentgenograms of their chests, 43 were found to be tuberculous (36 with bacilli 
in their sputum, 7 with no bacilli in their sputum). There were 3 concerning 
whom it was doubtful whether they were pneumonoconiotic or tuberculous. Three 
men had bronchial carcinoma. 


IN THE DyspNnoga oF CoAL-MINERS. 
M. J. 2:961 (Oct. 29) 1949. 


C. K. Ropertson, Brit. 


On the assumption that dyspnea in the earliest stages of pneumonoconiosis 
might be due to bronchospasm associated with focal emphysema, Robertson con- 
sidered it desirable to try the effect of a bronchodilator. He thought that the 
isopropyl derivative of epinephrine, a powerful bronchial antispasmodic, might 
prove useful in these cases. 

Fifty-eight coal miners complaining of breathlessness were given inert tablets 
for one week, followed by “neo-epinine” tablets for four weeks. Chemically this 
substance is dl-alpha-3,4-dihydroxyphenyl-beta-isopropylaminoethanol sulfate. It 
was found that there was little or no difference in estimates of vital capacity with 
the inert tablets, but after the bronchodilator tablets had been taken for four weeks 
there was an average increase of 236 cc. 

Forty-four of the men commented on a feeling of improvement in varying 
degree while under treatment. Although there was an average increase in vital 


capacity, it is realized that some of the improvement could be “spiritual,” as in 
Fletcher's (1948) classic description of such cases. 


The most common secondary effect complained of with the bronchodilator 
treatment was palpitation; this, however, was always a transient feature, lasting 
only ten to fifteen minutes. Other passing complaints were shakiness, giddiness 
and flushing. 


Morratity AND SwurvivAL Rates IN Mares witH or SiILico- 
Tusercutosts. H. M. Turner and W. J. Martin, Brit. M. J. 2:1148 
(Nov. 19) 1949. 


Turner and Martin say that Shefheld is traditionally the home of the trades in 
which grinders are employed, but also of a number of other trades that carry the 
occupational hazard of silicosis. These are: sand and shot blasting; steel fettling ; 
steel dressing; ganister mining and quarrying; ganister crushing; silica brick 
making; building, repairing and scaling furnaces lined with silica bricks; stone 
masonry and stone dressing, and, finally, coal mining. Records have been accumu- 
lated of 857 men in whom some degree of silicosis or of silicotuberculosis has been 
diagnosed. Of these, 43 did not reach the age of 40 years and have been excluded. 
The series therefore consists of 814 men with silicosis or silicotuberculosis, each 
of whom reached the age of 40 years. 
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It was found that survival rates for males with silicotuberculosis compare 
unfavorably at all ages over 40 with the rates for males with pure silicosis or with 
the control rates for males in the general population. There is a reduction of 
thirteen years in the expectation of life at age 40 for the group with silico- 
tuberculosis. 

Up to age 51 the survival rates for males with pure silicosis are similar to those 
of males in the general population. After the age of 51 there is an adverse deviation 
in survival rates for the group with pure silicosis. This results in a decrease in 
expectation of life of eight years from age 40, as compared with the expectation 
of life of males in the general community. It is suggested that this is due to the 
effects of silicosis on cardiorespiratory function and on the capacity to resist 
respiratory infections. 


Sxin Lesions AMONG FISHERMEN HoutMan’s ABROLHOS, WESTERN 
AUSTRALIA, WITH AN Account oF Erysipetorp or Rosensacn. K. SHARD 
and H. G. Dicks, M. J. Australia 2:352 (Sept. 3) 1949, 


Sheard and Dicks say that in the course of a biologic investigation of the 
marine crayfish, Panulirus longipes, at Houtman’s Abrolhos, a group of coral 
islands situated about 40 miles off the western Australian coast at Geraldton, it 
was evident that the efficiency of the fishermen, crayfish processors and of the 
research workers, was impaired by the presence of severe lesions of the skin, 
primarily on the hands, the knees and the feet and secondarily on the nape of the 
neck and around the anal region. Accordingly a side investigation was carried 
out, respecting the causes, the prevention and the methods of treatment of these 
lesions. 


Forty-three fishermen showed the presence of many lesions, which were found 
to be superficial wounds infected with staphylococci, streptococci and erysipelo- 
thrix. On the extremities the incidence of devitalized skin areas on which ulcers 
(“salt water sores”) formed was high The preventive measures introduced 
included glove protection of the hands, greater personal and general cleanliness and 
a more varied fresh diet. 

Treatments included the use of: nitromersol N. N. R. (anhydride of 4-nitro- 
3-hydroxymercuriorthocresol), “monacrin” (5-aminoacridine monohydrochloride 
dihydrate) and ichthammol N. F. (sulfonated bitumen) as dressings; stannic oxide, 
given orally, against salt water sores, and penicillin in more serious cases when 
lymphangitis was present. Penicillin therapy was the one of choice in cases 
involving more serious forms of erysipeloid, as these were resistant to the 
sulfonamiers. 


It is suggested that erysipeloid of Rosenbach, which may be masked by sec- 
ondary infections that are difficult to control until the primary erysipeloid is 
treated, may prove to be widespread among fishing and fish-processing communities 
in Australia. Overseas experience has shown that this disease is relatively common, 
ranging from mild erysipeloidal lesions of the skin to septicemia and endocarditis. 
Woop Dust as AN INHALANT ALLERGEN: BroncHiaL AstHMA CAUSED BY 
Keyaat Woop (Prerocarpus ANGOLENSIS). D. OrpMan, South Arican M, J. 
23:973 (Dec. 3) 1949. 


In this paper Ordman reports a case of asthmatic attacks due to inhaling the 
dust of kejaat wood. 


Injections of extract of kejaat wood produced rapid relief, and the asthma- 
free condition has been maintained by further injection. 
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Disease or Swinenerps: Crintc anp Stupy oF SPORADIC, 


BeNiGN MENINGOTYPHOID (OccurATIONAL Tyre); Case. F. Sparport, Med. 
d. lavero 40:146 (May) 1949 
Sbarbori reports a case of meningotyphoid in a swineherd. The author describes 
the clinical symptoms observed during the intestinal stage of the disease and 
these during remission and the neurologic symptoms of the meningeal stage. The 
prognosis is benign. Therapy 


is symptomatic, aiming mainly to control acute 
headache 


The disease is occupational and is caused by a leptospira of hogs which 
imects swineherds when the skin comes in contact with the excreta of hogs 


OccuPaTiOnaL Lesions or HaNps WorKeRS Movine Picture 
C. Soprana, Med. d. lavoro 40:173 (June-July) 1949 
The author describes the characters of post-traumatic lesions and wounds 
which are encountered in the left hands of workers with moving picture films 
Phe lesions are caused exclusively by trauma, without either pressure or friction 
and without a consequent reaction of hyperkeratosis and callus formation. However, 
they should be considered as occupational lesions, especially from the point of 


view of prevention. The workers should be provided with working gloves of 


soit leather to be worn during work as a preventive of trauma from films 


‘BARRIER OUNTMENT” FoR Protection or SKIN of RupBER WorkKeERS. P CIRLA, 
Med. d. lavoro 40:178 (June-July) 1949 


rhe author directs attention to the frequency of industrial dermatitis in rubber 
workers and in workers who are in contact with rubber articles. The dermatitis 
can be prevented by the use of invisible gloves of a “barrier cream.” The cream 
successfully used by the author in the treatment of Italian workers was the so-called 
kerodex,” which is insoluble in water and constituted mainly of resin, a benzoinate 


resin, bees wax, paraffin, hydrous wool fat and organic solvents. This cream 


cannot be removed by simple washing of the hands after work, but it is spontane: musly 
detached from the skin within three or four hours after the hands have been 
washed, as it absorbs humidity from the skin 


STRATIGRAPHIC Stupy oF Hits or Luncs Course or Srricosis. E. Zanetti 
and C. De Ponti, Med. d. lavoro 40:197 (Aug Sept.) 1949 


Zanetti and De Ponti studied several hundreds of standard roentgenograms of 


patients with silicosis. They classified the roentgen changes of the hili of the 


(1) enlargement and darkness of the 
). hilar shadows of apparently normal size and (3) hilar shadows non- 
visible in the roentgenograms. The authors found that 


wit 


lungs in three different groups, namely 


shadows, (2 


(1) The changes of the 
roentgen shadow in the course of silicosis are mainly due to enlargement of 


the hilar-parahilar lymph nodes. (2) In cases of silicosis with standard roentgeno- 


grams showing enlarged hilar shadows, the stratigram gives proof of the silicotic 
enlargement of hilar lymph nodes and of the causal role of these nodes in the 
appearance of enlarged roentgen hilar shadows. (3) In cases of massive silicosis 
in which standard roentgenograms fail to show the hili 
structures 


(either because these 
are displaced or because the parenchymal silicotic lesions cover them) 


the stratigrams will reveal the degree of displacement of the hili and the degre: 
1 enlargement and acuteness of the silicotic lesions at the lymph nodes. Dilatation 


else 1 


arrowing of the lumen of the main bronchi is exceptionally rare. (4) The 


groups of hilar, parahilar, tracheal and tracheobronchial lymph nodes are 
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sooner or later, and more or less, involved in the process of silicosis. Early in the 
course of silicosis the parahilar lymph nodes are the first to react. Later on all 
the groups of lymph nodes are involved The changes they undergo and the 
acuteness of evolution of the changes are not related to the degree, the location 
or the course of the parenchymal lesions 


OccuPaTIONAL Dearness. C. MEeANo, Med. d. lavoro 40:210 (Aug.-Sept.) 1949. 


Dur To INHALATION oF GRAPHITE Dust .. PARMEGGIANI, 


Rassegna di med. indust. 18:93 (May-June) 1949. 


Parmeggiani reports clinical and roentgenologic observations on workmen 
employed in five graphite mines, in a graphite grinding and refining mill and in 
a plant in which electrodes are manufactured from graphite. All these establish- 
ments are situated in the Piedmont provinces of Italy. 

Four hundred and fifteen workmen, 66 miners, 13 workers in the grinding and 
refining mill, and 336 workers in the electrode-manufacturing plant were examined 
during the period of 1946 to 1948. Twenty-four of the 415 workmen (5.8 per 
cent) had pneumonoconiosis due to the inhalation of graphite dust; 13 of them 
were miners (19.5 per cent), 3 were workers in the grinding and refining mill 
(23 per cent) and 8 were workers in the electrode plant (24 per cent). Eight of 
the 24 patients presented the nodular or the massive form of pneumonoconiosis. 
Eighteen of the 415 workmen (4.3 per cent) had pulmonary tuberculosis. Pneu- 
monoconiosis was associated with pulmonary tuberculosis in only 2 of the 24 
workmen with pneumonoconiosis (8.3 per cent), It shows that pneumonoconiosis 
due to inhalation of graphite dust has only a slight tendency to be associated with 
pulmonary tuberculosis. The roentgenologic pictures of 16 of the 24 patients 
showed reticulation with a thin network and a tendency toward slightly condensed 
hilar shadows with varying 4listribution. The pictures of the remaining 8 patients 
revealed nodulation with a few relatively large nodules, which showed a tendency 
to grow larger, in the absence of any pronounced condensation of the hilar shadows. 
The clinical observations were practically negative. The period of exposure of 
the miners and grinding mill workers was about fifteen years; that of the workers 
in the electrode plant was only about ten years 

The incidence of pneumonoconiosis due to the imhalation of graphite dust is 
not high, but the capacity for work may be decreased by more than 33 per cent 
This suggests that for compensation purposes insurance should be obligatory for 
graphite pneumonoconiosis 


Industrial Toxicology 


DeatH AND INyjurRY BY Heat AND THE Toxic Factor. A. M. Emme, Usp 
sovrem. biol. (Advances in Modern Biol.) 25:298, 1948. 


Heat injury and its toxin are reviewed in relation to thrombin, fibrinogen, 
blood coagulation, toxins of other inflammations, and certain tissue extracts. 
Twenty references are given 

8 Juutan F. Smith (Crem. Apst.) 
Dirruset PULMONARY GRANULOMATOSIS IN YOUNG WomEN FoLLowinc Exposure 
TO BERYLLIUM ComMPOUNDS IN THE MANUFACTURE oF Rapio Tunes: Report 
or 5 Cases. P. Stavin, Am. Rev. Tuberc. 60:755 (Dec.) 1949. 


Slavin presents the histories of 5 young women who had been employed in 
the manufacture of electron tubes. In each one a chronic lung ailment developed, 
characterized by shortness of breath, cough, high pulse rate and loss of weight. 
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Increasing difficulty of breathing appeared to be the main disabling feature. The 
illness came on insidiously, and the patients became aware of it when they no 
longer were employed in the electron tube factories. 

In the first case no definite antemortem diagnosis was made and the nature of 
the disease became apparent through the autopsy observations. The patient died 
in May 1944, at a time when an occupational lung illness developed in a group of 
workers in a fluorescent lamp factory at Salem, Mass. Beryllium and other com- 
ponents of phosphors were revealed in a specimen of her lungs. Later on, the 
Kettering Laboratory reported 3.0 micrograms of beryllium in 100 Gm. of wet 
lung tissue. 

Three patients are alive. The fifth is included in retrospect. She was seen 
in 1935, and no significance was attached then to her history of having been 
employed in an electron tube plant. The diagnosis could not be determined clin- 
ically, and permission to make an autopsy was not obtained. 

One of the 3 patients who are still alive (second patient) had been exposed to 
dust inhalation in three different electron tube factories for a period of more 
than eight years. She worked for fourteen months in the same factory in which 
the next 2 patients underwent a similar illness. 

The third and fourth patients had been working during a concurrent length 
of time in the spray room of an electron tube factory. Both had been directly 
exposed to an atmosphere laden with pulverized phosphors containing beryllium. 
The exposure of the third patient began one and one-half years earlier and had 
been more intense because of her work as a full time sprayer. Consequently, her 
illness became apparent two and one-half years earlier than that of the fourth 
patient and has resulted in marked damage of the heart. 

The relationship of inhalation of beryllium and the pulmonary granulomatous 
reaction is obvious in these 2 cases and has been further substantiated by the 
occurrence of additional instances of a similar disease among the workers of the 
same factory. 

The illness appeared to be of less severity in cases in which the nodular dis- 
semination was followed by marked connective tissue proliferation. Calcification 
of the nodules has been demonstrated in the first and second cases. 

Dyspnea and cough were aggravated in all cases by cold weather. Thus, it 
is believed that a change to a mild climate during the winter months would be 
beneficial to patients with this illness. Profuse mucopurulent expectoration may 
be relieved in some instances by antibiotic therapy. Early administration of oxygen 
relieves dyspnea and cough. As this procedure brings relative comfort to the 


patient, it may prolong life and prevent the occurrence of spontaneous 
pneumothorax. 


Quantitative Stupy or REACTION BETWEEN BERYLLIUM AND QUINIZARIN-2- 
Sutronic Acro. Myron W. Cucct, W. F. Neuman and B. J. Mucryan, 
Analyt. Chem. 21:1358 (Nov.) 1949. 


Tue ENHANCING Errect oF THE INHALATION OF HypROGEN FLUORIDE VAPOR ON 
BeRYLLIUM SULFATE PorsonInc IN ANIMALS, H. E. Stoxincer, N. J. 
Asuensurs, J. DeVacpre, J. K. Scorr and F. A. Smita, Atomic Energy 
Commission Unclassified Document 244, April 13, 1949. 


Because relatively large amounts of fluoride have been shown to be present in 
manufacturing areas where clinical beryllium disease has existed, it seemed reason- 
able to test the hypothesis that fluoride may contribute to the observed beryllium 
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toxicity. Such a study has been performed in rats exposed either to beryllium sulfate 
mist or to hydrogen fluoride vapor alone, or to both agents in daily, alternating 
exposures for one month. The results based on mortality, weight response and a 
study of histologic sections of the lungs of these rats were consistent in the various 
exposed groups and confirmed the hypothesis under test, namely, that hydrogen 
fluoride enhances the toxicity of beryllium sulfate when both agents are admitted 
through the respiratory route. In addition, it was shown that fluoride is stored 
in the bone in greater quantities in animals exposed to beryllium than in animals 
receiving the same amount of fluoride alone. 


From Nvuccear Scrence ABSTRACTS. 


Beryttrum GRANULOMAS or Skin. F. R. Dutra, Arch. Dermat. & Syph. 
60:1140 (Dec.) 1949. 


Dutra says that tissues received from 4 persons in whom subcutaneous granu- 
lomas developed after beryllium compounds had been traumatically introduced into 
the skin have been examined at the Kettering Laboratory. This laboratory also 
received tissues from an additional person in whom granulomatous inflammation 
of the subcutaneous tissues followed the introduction of metallic beryllium. The 
clinical data were essentially similar for all 5 patients. In 4 the beryllium was 
embedded in the skin as the result of the accidental breaking of fluorescent lamp 
tubes and the puncturing of the skin by fragments of glass. The fluorescent powder 
which lines tubes of this type is comprised of a calcined mixture of zine oxide, 
manganese oxide, beryllium oxide and silica. In these 4 patients the lacerations 
healed with production of excess fibrous tissue. Two of the lesions when first 
seen were believed to be simple keloids. All four lesions, on one or more occasions 
after initial healing, opened to discharge thick, grayish white necrotic material. 
The period from injury to excision varied from four months to nine years. 

A fifth patient was a young woman who worked at cutting metallic beryllium 
with a machine and had accidentally lacerated her finger during her work. A 
granuloma developed, and this failed to heal over a period of four years, so that 
finally a complete excision of the lesion was made. 


The histologic relationship of the granulomas of the skin and similar granu- 
lomas which occur in the lungs of persons who have inhaled beryllium-containing 
dusts is described. Cure followed excision of the lesions in all cases. 


Hazarps In Use or New Porsons: A. B. Lemmon, Citrus Leaves 29:6, 1949. 


The relative toxicities for man of various economic poisons are rated in rela- 
tion to DDT. Those more poisonous are in decreasing order, tetraethyl pyro- 
phosphate, sodium fluoroacetate, parathion (0, o-diethyl o-para-nitrophenyl 
thiophosphate), toxaphene, and ‘-benzene hexachloride. Less toxic are the 
organic thiocyanates, chlordan (1, 2, 4, 5, 6, 7, 8, 8-octachloro-2, 3, 3a, 4, 7, 
7a-hexahydro-4, 7-methanoindene), isobornyl thiocyanoacetate, ¢-naphthylthiourea, 
dichlorodipheny) dichloroethane, and the methoxy analog of DDT. Various trade 
products containing these chemicals are listed. C. K. H. (Cem. Assr.). 


Sare DisposaL or Fiuorescent Lamp Tuses. Safety Reprint General No. 9, 
National Safety Council, December 1948. 


This sheet details methods of disposing of fluorescent lamps with safety for both 
occasional and large scale users. 
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Detroit RecommEeNvs New Sotvent Mixture Minus Carson TerracHLoripe. 
G. M. Hama, Indust. Hyg. News Letter 9:8 (Aug.) 1949. 


Tue Sicniricance or Leap tx Brovocicat Frurms. Frank F. Parry, Indust. 
Med. 18:368 (Sept.) 1949 


\ Rapmw ANALYzeR ror Minute Amounts or Leap Arr. Henry 
Avucuey, J. Optic. Soc. America 39:292, 1949 


Toxte Action or Gattium. H. C. Duptey and Mitton D. Levine, J. Pharmacol. 
and Exper. Therap. 95:487, 1949 


SeRYLLIUM Poisontnc. Ropert J. Hastervik, Physics Today, 2:14, 1949. 


Industrial practice in controlling beryllium is described. 


M. 


G 


Perry (CHem. Apstr.) 


Proressionat 


40:5, 1949 


PoOIsONING Sarita, Med. d. lavoro 


Among workers employed at impregnating wood with dinitrophenol (CaHs 


[OH] [NO,]2) one developed hemolytic anemia; others showed eosinophilia and 
neutropenia. The technic of impregnation and precautions to be used against 


contact are described \. E. Mever (Cem. Apstr.) 


Ansenic Porsoninc. K, H. Burzencemer. Deutsches Arch. f. klin 


194:1, 1949, 


CHRONIC 


Med 


Electrocardiographic studies were made on several hundred wine growers 
"| suffering from long-continued exposure to arsenic compounds used as insecticides. 
Severe variations from normal were found in 28.7 per cent and slighter variations 
in an additional 15.6 per cent. In most of these patients no other predisposing 


cause for the variations could be found. In the first group many showed additional 
symptoms, all suggesting cardiac damage. Marked improvement was noted during 


the war years when arsenic compounds were not available. Subtoxic amounts of 
arsenic added to the diet of healthy rabbits caused similar disturbances, not 
observed in control animals; the records of these experiments on animals were lost 
in the war. The general mildness of the symptoms would account for their not 


having been previously reported PY. Jacxson (Caex. Austr) 


Medicine and Surgery 


Naturat History AND TREATMENT OF Pup Space INFECTION AND OSTEOMYELITIS 
or THE TeRMINAL PHALANX. H. Borton, P. J. Fowirr and R. P. Jepson, 


1. Bone & Joint Surg. 31-B:499 (Nov.) 1949. 


Zolton and his co-workers maintain that infection of the pulp space occurs with 


much greater frequency than the more serious infections of the palmar space or 


tendon sheaths, and it may cause prolonged incapacity. There is often residual 


disability due to stiffness of joints, fibrosis of the tactile pad or “minor causalgia” 


with a cold, blue, shiny and stiffened finger, aching pain of a “deep cold” quality 


and tactile hyperpathia, Statistics show that of all claims made under the Work- 


men's Compensation Act, approximately 2.5 to 5 per cent were for septic lesions 
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cf the hand. The authors say that their own analysis of 1,979 patients seen in 
1947 with hand infections indicates that 22 per cent had infections of the pulp 
space, whereas only 2 had infections of tendon sheaths and 5 had infections of the 
palmar space. 

The micro-organism concerned is usually Staphylococcus aureus, but how it 
enters the pulp space is not always clear. In no more than half the patients is 
there a history of injury. Minor injuries are often overlooked or forgotten, but 
it may be that the staphylococcus enters by way of sweat or sebaceous glands. 
The inflammatory reaction causes cellulitis, which at first is confined by the tough 
fibrous septums that break up the pulp space into tiny compartments and are tightly 
adherent to skin and periosteum. It causes pain which is described as “tight” 
or “prickling.” At this stage the infection may resolve spontaneously, particularly 
when chemotherapy has been used, but the number of such abortive cases is 
unknown because many of the patients never come to a hospital. 

In the management of pulp space infections it is first necessary to decide 
whether or not an incision is required. Some authors advocate “conservative” 
or “nonincisional” treatment of pulp space infections. It may be that their patients 
have been seen at an unusually early stage of the disease, before pus was localized, 
but the authors of the present article, for their part, emphasize that every one of 
the 50 patients in this series had at the time of incision a localized collection of 
pus which clearly demanded evacuation. The second problem is to determine the 
best incision. They have abandoned lateral J incisions and bilateral linear inci- 
sions because they traverse uninfected tissue, fail to maintain drainage of the 
abscess and may injure the digital nerves with resulting causalgia. A small 
incision accurately localized over the site of the abscess accelerates the time of 
healing, minimizes pain, edema and discharge, avoids injuring the digital nerves and 
does not cause persisting tenderness even when the scar is in the tactile pad. 
Several of the patients treated by the authors were typists and despite the use of 


a central incision they resumed work within three weeks. 


TREATMENT OF MAsor INJURIES oF THE HaNnv, E. M. Evans, Brit. J. 
Plast. Surg. 2:150 (Oct.) 1949 


THE 


Evans shows that the subject of the injured hand 1s so complex that it is 
quite impossible to describe the correct treatment for any given type. There are, 
however, certain broad principles which should be followed and on which the 
finer points of detail should be based 

In the first assessment a clear idea of the ultimate function to be aimed at is 
basic. Broadly speaking, the hand has two main functions, the holding of objects 
between the thumb and the fingers—which may be termed the pincers—and the 
gripping of objects between the fingers and the palm—the vise. The pincer action 
requires an opposable thumb and a digit against which it can move, preferably 
mobile and preferably on the radial side of the hand 

The vise action is the stronger of the two and depends for its strength largely 
on the breadth of the palm. To grip, there must be active flexion and extension 
of the metacarpophalangeal joints of the fingers; the fingers should, if possible, 
be mobile, but if this is not possible, they should be flexed at the proximal and 
distal interphalangeal joints. The thumb should retain its movement, but, if this 
is not possible, it should be fixed in the position of function and out of the way 


of the flexing fingers 
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The most important single factor in the surgical repair is the provision of 
immediate and complete skin cover, and this must take precedence over all other 
considerations, The importance of skin cover lies in the fact that infection must 
be prevented. A wound will inevitably become infected in this field of surgery if 
left open, and the consequent fibrosis will limit permanently the final function to 
be expected. In general, hand skin cover is the ideal, but when there is any doubt 
as to the viability of local flaps, thin, split skin grafts are to be preferred. 

Whenever possible, early mobility should be instituted. If active movement 
of a joint is impossible because of injury to tendon or nerve, passive movements 
should be early and continuous to preserve a receptive field for the repair. In 
certain cases it will be desirable to stabilize a phalanx or a metacarpal in order 
that early movements may be undertaken. 

As it is important that the primary repair should be directed toward the pro- 
vision of a soft and mobile hand for the reparative phase, so also is it essential 
that surgical repair should not be undertaken until all the tissues are soundly 
healed and the maximum possible mobility of joints has been achieved. In this 
stage also the operative procedures must be planned—first, the full thickness cover 
where required; second, the operations on bone, and, finally, tendon repair, and all 
of them preceded and followed by intensive and continuous rehabilitation. 


Tue Treatment or Acute Lumpaco anp Acute Low-Back Stratn 1n GENERAL 
Practice. J. H. Younc, M. J. Australia 2:596 (Oct. 22) 1949. 


According to Young, acute lumbago may be defined as an acute attack of pain 
in the lumbar region, usually coming on without apparent cause. Acute low back 
strain is an essentially similar condition, the pain being brought on by trauma, 
usually a bending, lifting or twisting strain. A distinction between these two 
conditions is often of academic rather than practical importance. 

The author gives reasons why it can be assumed that the majority of attacks 
of low back pain are due to lesions of intervertebral disks. He maintains that 
there is no justification for believing that the attacks of low back pain commonly 
seen in practice are due to lesions of muscle, fascia or ligament until such condi- 
tions have been seen under the microscope. That pains of muscular origin do 
occur in the back, he does not deny. Pain in the back may follow unaccustomed 
work, but this pain will pass off in a few days at most. It may be stated that if 
low back pain is severe enough or lasts long enough to make the patient seek 
medical advice, it is probably not muscular in origin. 

Surgical experience has taught us that an attack of low back pain associated 
with an acquired scoliosis is probably always due to protrusion of a lumbar inter- 
vertebral disk and that if there is no acquired scoliosis, there will be a degenerated 
disk or only a tiny protrusion. 

The author found that attacks of acute low back pain without scoliosis are 
usually rapidly relieved by an epidural injection of procaine hydrochloride. Of 
30 patients thus treated, 23 had immediate relief of their pain, tenderness and 
limitation of movement. 

Attacks of acute low back pain associated with acquired scoliosis are usually 
relieved by procaine infiltration of the sacrospinalis muscle on the convex side, 
followed by traction. Fifteen patients so treated have lost their pain, deformity 
and limitation of movement in an average period of four days. 
After-treatment with a support and exercises is necessary with both types. 
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Trauma AND Rueumator Artuertis. E. Jonsson and K. Berctunp, Acta 
med. Scandinav. 135:255 (Sept. 26) 1949. 


Jonsson and Berglund point out that there has been much controversy about 
whether trauma can play an etiologic role in polyarthritis. This question is of 
great interest in connection with insurance and compensation. Although most 
investigators who have dealt with the question consider that polyarthritis can be 
produced by a trauma, the authors found in 2,236 cases of rheumatoid arthritis 
(acute in 567 and chronic in 1,669) that trauma was mentioned in the anamnesis 
in only 12. They make the acceptance of a connection between the trauma and 
the rheumatoid arthritis dependent on the following conditions: 1. The patient 
shall not previously have had rheumatoid arthritis. 2. No previous injury of the 
joint shall have occurred. 3. The trauma shall have fallen on a joint and shall 
be associated with distinct symptoms, arising fairly immediately. 4. The injured 
joint shall have given continuous symptoms up to the start of the rheumatoid 
arthritis. 5. The interval between the injury and the start of the rheumatoid 
arthritis shall not be too long. 6. The diagnosis of rheumatoid arthritis shall be 
certain. 


A critical examination of the cases suggests that only 1 case in the 2,236 fulfils 
all these conditions. This ratio hardly supports the idea that a trauma might play 


an appreciable role, and the authors find that considerable skepticism is justified. 
They feel that in some cases the rheumatoid arthritis would have become manifest 
without the trauma assumed to be the etiologic factor. If this is correct, insur- 
ance compensation should be denied. Nevertheless, in some cases it may be diffi- 
cult to disregard the possibility of a trauma as a contributing cause. 


Symposium on Atmospheric Contamination and Purification 


Asstracts oF Papers Presentep Berore tHe Drvision or INDUSTRIAL AND 
ENGINEERING CHEMISTRY AT THE One HuNpDRED AND FirreEENTH MEETING 
oF THE AMERICAN CHEMICAL Soctety, SAN Francisco, Indust. and Engin. 
Chem. 41:2383-2493 (Nov.) 1949 


SMOKE AND Fume Investications. Roserr E. Swatn, Indust. & Engin. Chem. 


41:2384, 1949. 


Professor Swain writes from the wealth of his long personal experience in 
the field of air pollution from nonferrous metallurgic stacks. His review starts 
with the first decade of this century at Ducktown, Tenn., Anaconda, Mont., and 
Salt Lake City. Later came Selby (San Francisco Bay) and finally Trail, B. C. 

He shows that the burning of crops by sulfur dioxide (SO:) gas and soil 
damage by arsenic trioxide (As:O;s) from smelter stacks was controlled by process 
improvements—by high stacks and by making the sulfur dioxide into sulfuric acid 
and by collecting the arsenic trioxide in cloth filters and Cottrell precipitators. 

A gratifying result of this control has been the permanent establishment of 
satisfactory markets for the acid and the arsenic trioxide. The acid is used in 
treating phosphate rock to make fertilizer, while the arsenic has been used for 


the manufacture of insecticides. Pans 


Dust anp Fume Stanparps. Louis C. McCase, A. H. Rose, W. J. Hammine 
and F. H. Vrets, Indust. & Engin. Chem. 41:2388, 1949. 


Since March 1949 Los Angeles has had a “mass rate” standard of permissible 
emission for stacks. This standard is in terms of weight of material handled—a 
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certain percentage escaping is permissible, but the discharge cannot exceed 40 Ib 
(18 Kg.) per hour regardless of the total input or total weight involved 


No specific collecting efficiency is required, nor is there any limitation on the 
equipment which may be used. The basic equation and curve defining mathe 
matically the antipollution rule are given and supplemented with a table from 


which any plant operator can see clearly what stack emissions he is allowed 


In the abstracter’s opinion the attainment of the required results would be 
difficult, if not impossible, without discharge through a very limited number of 
stacks. The promiscuous adding of a small stack through the roof whenever a 
new vent is required would not satisfy either the letter of this law or its implications 


Puitip Drinker, Boston 


Lecat REGULATION or Arr 
Chem. 41:2391, 1949. 


Miner 


HARTMANN, Indust. & Engin. 


Legal regulation of the discharging of pollutants into the atmosphere is now 
more or less in effect in most industrial communities, and, where enforced, results 
in added costs of manufacturing. Dense smoke is generally prohibited, and the 
trend is toward tighter prohibitions against, emissions of “fly ash” (air-borne 
particles larger than | micron), metallic and other noxious fumes 


and gases, 
including particularly sulfur dioxide. Pollutants other than smoke above specified 


amounts and concentrations are being specifically prohibited, and regulatory powers 
more positive than those relating to common law nuisance or public health actions 
are being given to regulatory officers. Control is effected by inspection and 


sampling of discharges, by permits to operate existing equipment, by permits to 


build or install new equipment from which air pollutants may be discharged, and 
by control of the quality and kind of fuel used. Because of naturally variable 


conditions, no ideal regulatory law is proposed, but the important regulatory means 


and specific prohibitions of the principle large cities of the United States are 


summarized. Especially rigid requirements have -been set up in industrial areas 


where atmospheric temperature inversions result in accumulations of air pollutants 
which otherwise would be rendered harmless by atmospheric diffusion. The new 
California statute and the Los Angeles County District rules are illustrative of the 


trend to restore the atmosphere to its natural purity for the general welfare 


From tHe AvuTHOR’'S SUMMARY 


ATION OF Dust Propucine 


AREAS: Use anv OF THE MIDGET 
Impincer. W. L. Cuen and H. B. Indust. & Engin. Chem 
41:2400 (Nov.) 1949 


\ preliminary study of dust deposited from the atmosphere in a small industrial 
town was carried out, eight collecting boxes being placed at various points about 
the town The samples collected gave a qualitative determination indicating that 
43 per cent of the dust was ash and 57 per cent combustible matter 


\ survey covering forty points within three hours was then carried out, the 
midget impinger being used to collect particles from the sampled air. 

The results indicated a range of 0.2 to 9.5 million particles per cubic foot with 
a definite pattern of “dust contours” around the major dust-producing areas 

Che authors describe the technic of collecting and counting particles and discuss 
the advantages and limitations of the impinger method 


R. J. Suerwoop, Brookline, Mass 
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DISSEMINATION oF AEROSOL Parti DisPERSED FROM STACKS THOMAS 
Barox, E. R. Gernarp and H Jounstone, Indust. & Engin. Chem 
41:2403 (Oct.) 1949 


An approximate method has been developed for the estimation of deposition ot 
aerosol particles from point sources based on the statistical methods proposed by 
Sutton and compared with values calculated from Bosanquet’s equation. Sutton’s 
equations are modified to take into account the finite settling velocity of aerosol 
particles An increase in stack height decreases the rate of deposition and the 
ground concentration, especially at the maximum values, and shifts the points ot 
maximum deposition and concentration downwind. For a gas cloud, the maximum 
concentration is inversely proportional to the square of the stack height, but for 
an aerosol cloud the maximum deposition is approximately inversely proportional 
to the stack height. The results are presented in the form of graphs showing the 
fraction deposited as a function of distance from the source, height of the source, 
diameter of the particle and atmospheric conditions 


Cart Erte Hotmeurst, Boston and Stockholm, Sweden 


Dispersion of Gases FROM TALL STACKS Mayer D. Tromas, Georce R 


Hitt and Joun N. Asversorp, Indust. & Engin. Chem. 41:2409 (Oct.) 1949, 


The theoretic equations of Bosanquet and Pearson and Sutton for the dispersion 


of smoke emitted from factory chimneys have been solved in terms of the con- 
ventional units of the smelting industry for eliminating sulfur dioxide from four 
smelters. The data for the tall stacks of the smelters agree well with the theoretic 
equations when values of the diffusion coefficients of 0.05 to 0.07 are used and the 
exponent of the distance, x, in Sutton’s equation is 2 (n-0) 


2 The theoretic curves 
and confirming data illustrate forcefully the beneficial effects of the use of tall 
stacks in dispersing air contaminants from factories. Maximum ground concen 
tration varies inversely with square of stack height. This results in lower peak 
and lower average concentrations from the tall stack and higher percentages of 
time when air is free of contamination High temperature of smoke emitted 


increases effective stack height and improves dispersion 


Cart Erte Boston and Stockholm, Sweden 


Deposrrion oF AgRosot Partictes FROM Movinc Gas Streams. F. Joun- 
stone and M. H. Rowerts, Indust. & Engin. Chem. 41:2417 (Nov.) 1949 


The theory that aerosol particles are deposited by impaction and by diffusion 
on water droplets moving by centrifugal force across a rotating gas stream is 


developed from Sell’s theory of impaction, For spherical particles of uniform 


density, efficiency of impaction deposition is a function of the square of the diameter 


of the particle and of the reciprocal of the size of the impacting object, while 


efficiency of diffusion deposition is proportional to the diffusivity of the aerosol 


particles and inversely proportional to the velocity of flow and the effective 


thickness of the gas film surrounding the object. Impaction deposition falls off 


rapidly for particles below 2 microns and diffusion deposition becomes important 


for very small particles. Maximum impaction deposition is obtained with 100 


micron droplets for a radial acceleration of the rotating stream of 100 times 


vravity, whereas the smallest droplets moving at the lowest velocities give maximum 
collection efficiency by diffusion 


With the Venturi scrubber, gas absorption and the collecting of extremely fine 


fume (particles around 0.01 micron) by molecular diffusion are accomplished with 


less difficulty than the collecting of larger dust particles by impaction. Collection 
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efficiency was found to vary directly as the specific area of the droplets formed, 
and pressure loss in terms of Venturi throat velocity heads, to be directly related 
to the rate of liquid addition per unit of gas flow. 

An attempt to correlate the efficiency of various types of nozzles (not identified) 
with different operating characteristics indicates that for a given mean diameter 
of droplets a nozzle giving a wide distribution of drop sizes should be more 
efficient for removing small particles by diffusion than a nozzle which gives more 
uniform drops. It is suggested that greater efficiency of collection can be obtained 
by improving the atomization of the liquid over that given by commercial hydraulic 
nozzles. 


M. W. First, Boston. 


DEVELOPMENT OF THE VENTURI ScRUBBER. WiLttam P. Jones, Indust. & 
Engin. Chem. 41:2424 (Nov.) 1949. 


The principles of the Venturi scrubber are briefly outlined, and several com 
mercial installations are discussed. The scrubber has been used mainly to remove 
small particles such as iron oxide (mean particle size, 0.25 to 0.33 micron on a 
weight basis) from open hearth effluent or the vaporized fatty material produced 
in certain chemical processes. This it does with high efficiency. It has also been 
used effectively in pilot installations to remove acid mists from air, also to remove 
the fume encountered in baking enamel insulation on copper wire. The scrubber 
has been demonstrated to be practical in removing from air low micron and sub- 
micron dusts, mists and fumes; it is simple in construction and is economical to 


install and operate. Guenn A. Jonnson, Arlington, Mass 


EvecrricaL Preciprration AND MecuanicaL Dust CoLtection. Water A 
Scumipt, Indust. & Engin. Chem. 41:2428 (Nov.) 1949. 


After reviewing some of the fundamentals of the Cottrell electrical precipitation 
process, such as the meaning of the precipitation constant, the effect of acidic and 
basic conditioning, the occurrence of “back discharge” and the significance of dust 
resistivity, this paper discusses the dependence of resistivity on temperature, 
humidity and chemical composition. Following this, the importance of good dis- 
tribution of gas in the precipitator is emphasized, and, by gas flow diagrams, it 
is shown that proper distribution may be obtained by carefully chosen corrective 
devices. The critical gas velocity for the material collected must not be exceeded 
in any part of the precipitator, or erosion of the deposited dust by the moving gas 
stream will occur. In certain cases the erosion factor is handled by using “pocket” 
type electrodes, the collected material being swept or dropped out of the gas 
stream inte pockets or dead spaces 

he discussion of mechanical dust collection is limited to cyclonic dust collectors. 
rhe rating of collectors is considered, and their tendency to collect particles selec- 
tively, depending on size, is discussed. After describing recent trends in the theory 
and the construction of centrifugal collectors, the author concludes that present 
theories are adequate for a general understanding of the centrifugal collection 
process, but that many details of design still are evolved empirically. 


K. N. F LOCKE, Boston. 
AGGLOMERATION OF SMOKE, Foc or Dust Particres py Sonic Waves. HILLARY 
W. Sr. Crate, Indust. & Engin. Chem. 41:2434 (Nov.) 1949. 


This paper presents the experimental work of the Bureau of Mines on the 
basic principles of sonic agglomeration. The author considers the phenomena of 
covibrations of particles in a vibrating gas, attractive and repulsive hydrodynamic 
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forces between neighboring particles, and radiation pressure, and critically examines 
the effects of each. An apparatus for experiments in the laboratory is illustrated, 
and the results of tests on different smokes are given. The author also outlines 
the sonic energy required for agglomeration, and calls for more investigation 
regarding the design of resonant enclosures. 


R. J. Suerwoop, Brookline, Mass. 


InpUSTRIAL Sonic AGGLOMERATION AND CoLLection Systems. Harotp W. 
DaNsER and Ernest P. Neumann, Indust. & Engin. Chem. 41:2439 (Nov.) 
1949. 


Industrial sonic agglomeration and collection systems for the collection of fine 
particles are described and the theory of their operations discussed. The time 
of exposure of the aerosol and the frequency of the sound field in the unit are 
indicated. Industrial applications, such as the collection of sulfuric acid fog from 
exit stack gases of a contact type sulfuric acid—-manufacturing plant and the 
collection of soda ash fume from the stack gases leaving a recovery boiler in a 
paper mill are described. Since it appears that there is no lower limit of particle 
size below which agglomeration becomes ineffective, use can be made of this unit 
with cyclones to agglomerate the small particles that would otherwise pass through. 
Evaluations are made of the different fields of use for sonic collection, in which 
particle size, temperature and electrical characteristics of the particles are taken 
into consideration. The cost of sonic collection is compared with that of electro- 


ic methods. 
static method Rosert Boston. 


DesicN oF ExHaust VENTILATION FOR MatertaLs Hanpiine. R. T. 
Princ, J. F. Knupsen and Ricuarp Dennis, Indust. & Engin. Chem. 
41:2442 (Nov.) 1949. 


According to the authors, the majority of atmospheric dusts arising from the 
handling of solid materials are in the parent materials as primary fines, little being 
created from fracture by impact. The fines are disseminated primarily at locations 
where the material is under the force of gravity in free or hindered fall. 


Falling material is compared to a low efficiency fan drawing air in at the top 
and forcing it out at the bottom. This air circulation is the cause of atmospheric 
contamination in plants. 


Control of this air circulation involves adequate but not excessive exhaust 
capacity and design of enclosures and location of exhaust to insure the entrain- 
ment of a minimum of solids. 

Tonnage of material handled and height of fall have been conceded generally 
to be determining factors for the exhaust capacity for a given substance. 

The authors have investigated the influence of tonnage and that of height of 
fall by using a laboratory apparatus in which all factors but these two were kept 
constant. 

Water droplets were used as the material handled, to eliminate the difficulties 
of storage, feeding and removal of the material. 

Measurements were made of the air volumes needed to maintain a reproducible, 
essentially static air condition in the apparatus. 

The experimental data revealed that the rate of air flow is a direct function 
of the velocity attained by the falling particles. For larger size particles, the 
square root of the height of fall may be used as the velocity attained. 

The rate of air flow does not depend directly on the tonnage but rather on the 
total projected area of the falling material. 


“ae 
4 
: 
ia 
: 
| 
fe 
T 


4994 INDUSTRIAL 


HYGIENE AND OCCUPATIONAL MEDICINE 


An equation defining the results of the experimental data is given For 
practical use, field measurements would have to be made to determine the values 
of the constants involyed for the particular installation 

Eleven figures are included, five of which are examples of exhaust enclosures 


ind take-offs illustrating the principles advocated by the authors 


Georce S. Reicuensacn JR., Boston. 


Dioxme 1X THE AtmospHERE AND Its Retation to Live. 
Morris Karz, Indust. & Engin. Chem. 41:2450 (Nov.) 1949 


Sulfur dioxide, which is present in industrial gases in low concentrations, is 
widely distributed in the atmosphere. In concentrations higher than about 0.40 
p.p.m. over a sufficient period it may be toxic to sensitive plants at times during 
the growing season when physiologic activity is high and the conditions for the 
leaves’ absorbing the gas rapidly are at a maximum. However, low concentrations, 
in the range up to 0.10 to 0.20 p.p.m., have been demonstrated to be without 
influence on plant life in the absence of visible markings. There is no effect after 
long-continued exposure, in this case, on rate of growth, yield of crop, photo 
synthesis, respiration or the daily march of the stomata. The effects may be 
beneficial if the plants are growing in a sulfur-deficient soil or nutrient. No basis 
has been found for the theory of invisible injury. The literature on the subject 
has been reviewed, and the results of investigations carried out by the writer and 
his collaborators on various aspects of the sulfur dioxide pollution problem are 
presented : occurrence of sulfur dioxide in the atmosphere of industrial areas; sulfur 
content of vegetation; effect on soils; symptoms and diagnosis of injury from sulfur 
dioxide and other factors; retardation of diameter incr¢ment in conifers; experi- 
mental studies on the influence of environmental factors dn susceptibility, the effects 
on conifers in their natural habitat and on transplanted ktock, yield of crop plants, 
stomatal behavior, and photosynthesis and respiration. It is hoped that the methods 
and the results described will serve as a guide in investigations of effects of other 


industrial waste gases on plant life 


From tHe AvutTHor’s SUMMARY 


Eprects or FLUORINE IN TENNESSEE Sorts Crops. W. H. MacIntire 
and Associates, Indust. & Engin. Chem, 41:2466 (Nov.) 1949. 


Results of a twenty year study of fluorine are summarized. Experiments were 
made to throw light on the chemical and biochemical behavior and the fate of 
fluorine after it reaches soils from contaminated air, from slag, from fertilizers, 
from insecticides, from naturally occurring rock, rain waters and other sources 
Only slag deposits placed in soil were dissolved into the soil water. Regardless 
of the nature and the quantity of the input of fluorides or of the native occurrence 
or ingo from the atmosphere, virtually no enhancement of the uptake of fluorides 
was found in the vegetation of soils that possessed an adequacy of calcium, either 
naturally contained or added. Comparative analyses of crops grown on soils in 
place and after these soils had been transported to unaffected points serve to support 
the conclusion that if there is abnormal incidence of fluorine in field vegetation it 


may be attributed to atmospheric contaminants 


C. Ernert, Boston 


fue Los Anceres P, L. 
41:2476 (Nov.) 1949 


Indust. & Engin. Chem. 


The material covered in this article is essentially that presented in the first 
interim report of the Stanford Research Institute on the smog problem in Los 


Angeles County 


L. SttveRMAN, Boston 
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InpusTRIAL Dusts AND Fumes IN THE Los ANGELES Area. Lours C. McCase, 
Paut P. Maver, H. E. McMaunon and W. \ Ham™inc, Indust. & Engin 
Chem. 41:2486 (Nov.) 1949 


Meteorologic and topographic conditions of the Los Angeles basin are pre- 
sented. The vertical distribution of pollution ts limited by persistent temperature 
inversions, with 262 such days during the years 1943 to 1945. Pollution and com 
plaints ot irritation of the eyes are greatest when the base of the temperature 
inversion approaches the ground. Three composite maps of wind direction, data 
on hourly visibility during inversion, and a map of areas over which the eyes were 
irritated at various times of day are presented 

Methods of aerosol collection, a modified cas¢ ade impactor being used, and 
identification by microchemical analysis are described. During dense smog con 
ditions a preponderance o! liquid droplets (0.6 micron) are obtained with the 
impactor Immediately following rain no droplets but only solid particles are 
Dustfall data comparing Los Angeles with other large industrial and rest 
cities are presented and discussed The distribution of sulfur dioxide 


found 
dential 
determined by analysis ot dustfall for contents reveals that this substance was 


distributed over the area and reflects origin, wind pattern and topography 


F. J. Vires Jx., Boston 


Determination of Air-Borne Contaminants 

SAMPLING AND DETERMINATION or ALDEHYDES IN DigseEL-ENGINE EXHAUST 

Gas anp IN. Mine Arr. Henry W. Busen and |. B. Bercer, United States 

Department of the Interior, Bureau of Mines Report of Investigations no 
4531, August 1949. 


The authors describe im detail a colorimetric method of determimng concen 
i formaldehyde, using the 


trations of aldehydes in aur, sensitive to 0.0] mg 
Schiff-Elvove reagent. 

Concentrations as low as 2 p-p-m. ot aldehyde may be determined by the use 
of partially evacuated 500 cc. flasks Low concentrations may also be determined 
with the midget impinger, which has a collection efficiency of about 74 per cent 
The samples are absorbed in a 1 per cent aqueous solution of aldehyde-tree 
methyl alcohol, which is found to preserve the aldehyde in solution tor a period 
up to two weeks 

The method has been tested in the field and has been found to be practicable 


R. J. SHERwoop, Brookline, Mass 


PHOTOELECTRIC MEASUREMENT OF Coat Dust STAINS ON Fitter Paver. C. N 
Davies and Mary AYLWARD Brit. J. Indust. Med. 6:254 (Oct.) 1949 


The authors discuss the measurement of air-borne coal dust The dust is 
aspirated through filter paper and the resulting stain subjected to photoelectric 
measurement. The authors show that calibration depends on partic le size and 
that sensitivity is low for small particles in the presence of larger ones. The 
Research Unit densitometer used is reliable only for the determi- 
method is recommended 


Pneumoconiosis 
nation of coarser particles The thermal precipitation 
for the measurement of finer dusts. The increase of resistance to the air flowing 
through the filter paper due to the deposited dust ts also discussed in relation to 


the measurement of the stains. 
A. Lear, Boston 
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Tue Use or tHe NEPHELOMETER FOR THE DETERMINATION OF CONCENTRATION 
AND DIMENSIONS OF SMOKE PARTICLES IN THE ATMOSPHERE OF INDUSTRIAL 
Prants. I. B. Shagan, Gigiena i Sanit. 13:20, 1948. 


A nephelometer for aerosol studies is described, with diagrams. The particle 
size is calculated from rate of fall measurement in a slit ultramicroscope by using 


the Stokes-Cunningham equation or by measurement of scattering intensity ratio 
at two frequencies (rather bands of frequencies, produced by color filters), by 
means of a calibration curve obtained from the same samples by the aforementioned 
method. The results give fair agreement for zinc oxide particle size in compari- 
son with electron microscopic representations. For a given size of particles the 
concentration can be estimated from a calibration curve. 


G. M. Kosovaporr (CHem. Anstr.). 


A 


Book Reviews 


Toxic Eye Hazards. National Society for the Prevention of Blindness, Inc., 
Publication 494. Pp. 101, with 10 illustrations. Price $1. National Society 
for the Prevention of Blindness, Inc., 1790 Broadway, New York, 1949. 


This is a manual prepared by a group consisting largely of engineers, physicists 
and chemists for the Joint Committee on Industrial Ophthalmology of the 
American Medical Association and the American Academy of Ophthalmology and 
Otolaryngology, intended to provide information on the causes, the prevention, 
the medical characteristics and the first aid treatment of industrial injuries of 
the eye from chemicals, It is intended to be employed by both medical and lay 
personnel, 

Chapter 1 concerns eye protection equipment. Specifications and tests of the 
National Bureau of Standards and the National Safety Council are described 
and discussed. Advice is given for setting up an industrial eye program. Instruc- 
tive charts and illustrations provide a guide to the selection of appropriate indus- 
trial ocular protective devices and furnish convincing evidence of the need of 
organized industrial eye protection. 

Chapter 2 presents tables of chemical compounds and their effects on the 
eye. At first sight the lists impress one by their length and promise of real use- 
fulness to persons concerned with the effects of chemicals on the eyes. However, 
on closer inspection it is found that although the chemical listings have been 
made with due regard for accuracy of chemical nomenclature, the ocular effects 
are mostly reported in such inaccurate terms that the descriptions are not only 
frequently ambiguous but actually misleading. It appears that these lists have 
been compiled without the benefit of adequate ophthalmic knowledge and it is 
inferred that the ophthalmologists of the sponsoring committee must not have 
examined the material with much care before publication. The responsibility of 
this committee to see that the ophthalmic aspects were accurately represented 
seems to have been neglected or ignored. 

Thus, of 286 organic compounds listed, 127 are said to produce “necrosis.” In 
some instances a clue is given that this refers to the cornea, but in most instances 
it is indeterminable what ocular tissue is involved and to what degree. Rarely 
is the information given that this may mean merely the loss of some readily 
replaceable epithelial cells. Unfortunately, confusion worse confounded is achieved 
by frequent (92 times) inclusion of the term “keratoconus” with “necrosis” with 
only an occasional note that this is “experimental” and no note that the rabbit 
cornea (on which the original studies were made) is thinner than the human 
cornea and much more susceptible to distortion in healing. Somewhat less unfor- 


‘ 


tunate, though vague, terms are “opaque cornea” (88 times) and “corneal burns” 
(45 times), which when unqualified as to depth, reversibility and species of animal 
are at best rather uninformative. In numerous instances chemicals are described 
as causing “iritis” (43 times) and “internal congestion” (25 times) with no 
definition of what is meant by these terms. Also, no adequate warning is pro- 
vided that these conditions were diagnosed largely in rabbit eyes and may well 
not characterize the usual response of accidentally exposed human eyes 
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Little resolution of the confusion is to be gained from the bibliographic refer 
ences, for the effects described for numerous compounds in the list are either not 
even given in the articles referred to or are lacking in reliable substantiation in 
the source quoted. 


The lack of adequate ophthalmologic supervision in the preparation of these 
lists has resulted not only in lack of discrimination in the use of technical terms 
but also in failure of discernment of the significant features of injury apart from 
the rare and the trivial. 
are 


Manifestations of toxicity which are poorly authenticated 
given equal weight with the generally recognized manifestations. Typical 
examples picked from among numerous possible illustrations are the following 
Carbon disulfide is listed as causing cataract, although no case in which this 
action was established could be found in the literature; under the heading of 
arbon monoxide is listed “choroidal congestion” (a vague condition), but nothing 
is said about the pupillary disturbances which have frequently been described ; 
carbon tetrachloride is said to cause “amblyopia,” although a constriction of the 
peripheral field rather than the central vision has previously received attention ; 
chloroform is said to reduce intraocular pressure experimentally, scarcely a toxic 
effect of much general or industrial significance; “dionin” 
“dionene”) is said to cause “allergic conjunctivitis,” although it is generally con- 
sidered that this drug, which is ethylmorphine hydrochloride U. S. P. (employed 
medically), more regularly causes conjunctival reaction without 
allergy; glycerin is described as causing “iritis,” 


(incorrectly spelled 


necessity of 
“slight internal congestion” and 
“slight necrosis (experimental),” although published descriptions of the effects 
ot the clinical application of this material indicate that it is fairly innocuous to 
the human eye; under the heading of methyl bromide no mention is made of the 
recognized local ocular effects; sulfur dioxide is described as causing irritation 
of the conjunctiva, without note of the much more serious corneal damage which 
may be produced by it. 
Chapter 2 ends with 7 pages listing chemical and trade names and manu- 
facturers of various detergents with no information on ocular effects except a 
jootnote on the first page regarding potential serious “cellular damage” and rapid 
“hygroscopic” action, which certainly does not present a very accurate picture 
The air of authoritativeness which is given to this misleading collection of 
material by the uncritical acceptance of it by the three national eye organizations 
which have sponsored the manual may well lead to a perpetuation of its mis- 
conceptions and may even have medicolegal repercussions. At the least, it 


will 
probably encourage persons with keratoconus or iritis from 


unrelated causes to 
seck compensation for the imagined effects of a wide variety of chemical exposures. 


Chapter 3 presents a brief and reasonable description of first aid procedure, 


but again includes the seemingly ill chosen term “hygroscopic action.” A 16 


pace list of “References for Additional Reading” provides an indiscriminate 
mixture of good, bad and indifferent source material 

In conclusion, this manual can scarcely be said to fulfil the high expectations 
one was led to hold for it from a reading of the introduction. 


W. Morton 


Grant, M.D 
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When TEMPTATION comes too close 


for comfort 2S 


She's wondering now if it’s worth the effort. 
Maybe she'd rather be fat than hungry. Ir 
is at this point in the reducing cycle that 
DersoxyN Hydrochloride can do much 
toward securing patient cooperation. 
Desoxyn brightens the patient's outlook 
and restricts the craving for food. One 
2.5-mg. tablet one-half hour before break- 
fast and lunch is usually sufficient. A third 
tablet may be taken in mid-afternoon, if 
needed, and if it does not cause insomnia. 
This small dosage is possible because weight 


DESOXYN 


(Methamphetamine Hydrochloride, Abbott) 


for weight DESOXYN is more potent than 
similar sympathomimetic amines. Clinical 
investigation has shown that DESOXYN has 
a faster action, longer effect and relatively 
few side-effects. 

Orally, DesoxyYN is an effective cerebral 
stimulant with a wide variety of uses. Par- 
enterally, it helps to restore and maintain 
blood pressure during surgery, particularly 
under spinal or regional block anesthesia. 
For more write to 
LaBoraTories, North Chicago, Ill. 


2.5 mg. and 5 mg. 


20 mg. per fluidounce 


2.5 mg. per fluidrachm 


20 mg. per cc. 
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Bad Habits in Good Babies. Herman M. Jahr. 16 pages. 


15 cents. 


What Does Your Baby Put in His Mouth? Chevalier 

Jackson and Chevallier L. Jackson, Tells how to pre- 
vent accidents from choking and what to do if they 
happen. 24 pages. 10 cents 


Keeping Your Baby Well. 22 pages. 10 cents. 


The Case of the Crying Baby. Herman M. Jahr. 4 pages. 
10 cents. 


What te De About Thumb Sucking. William L. Fishbein. 
6 pages. 10 cents. 


Lefthandedness. 


Adoption. W. Allison Davis and Theo Carlson. An 
understanding discussion of the best ways to adopt 
children and rear them. 12 pages. 15 cents 


Paul Popence. 8 pages. 10 cents. 


Protecting Your Child from Allergy. William Gayle 
Roberts. 8 pages. 10 cents. 


The Facts About Sex. Audrey McKeever. 16 pages. 
15 cents, 


Please remit with order 
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LIGHTFOOT SCHULTZ CO., 663—Sth AVE., NEW YORK 22 


A Constantly Expanding Library of 


* PROGRESS IN INTERNAL MEDICINE 


Archives of [Internal Medicine 


Originol Studies . . . Observations . . . Findings 
in climeal medicine as observed at the bed- 
side or in the laboratory, come monthly to 
your desk. Also physiologic, pathologic and 
pharmaceutic researches that have a bearing 
on the nature, diagnosis and treatment of 
disease. Latest findings on such subjects as 
penicillin, the sulphonamides, tsutsugamushi 
fever, Chagas’ Disease, pulmonary embolism, 
etc. News; and Comment, Book Reviews and 
Progress Reports 
Monthly . Well Illustrated 

Two Volumes Annually 


AMERICAN MEDICAL ASSN. 535 N. Dearborn St.. Chicago If 
Please enter a subscription tq Archives of Internal Medicine 
for one year and continue it until I instruct you to dis 
continue it 


C) I enclose $ (2) Bill me for $ 
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DOCTOR, 
WILL YOU MAKE 
THIS NOSE TEST? 


SEE AT ONCE PHILIP MORRIS 
ARE LESS IRRITATING 


It is one thing to read published studies.* Quite 
another to have your own personal experience 

provide the proof! The PHILIP Morris nose test 
takes but a moment. Won't you try it? 


HERE 1S ALL YOU DO: 


...light up a Morris 


Take a puff—DON’T INHALE. Just 
s-l-o-w-l-y let the smoke come through 
your nose. AND NOW... 


... light up your present brand 
Do exactly the same thing—DONT © 
INHALE. Notice that bite, that sting? © 


Quite a difference from PHILIP MORRIS! 


With proof so conclusive, would it not be good practice 
to suggest PHiLip MorRRIS to your patients who smoke? 


PHILIP Morris 


Philip Morris & Co., Ltd., Inc. 
100 Park Avenue, New York 17, N.Y. 


* Proc. Soc. Exp. Biol. and Med., 1934, 32, 241-245;N.Y. State Journ. Med., Vol 35, 6-1-25, No. 11, 590-592; 
Laryngoscope, Feb. 1935, Vol. XLV, No. 2, 149-154; Laryngoscope, Jan. 1937, Vol. XLVII, No. 1, 58-60 


— 
4 
| 
Nee. / 
> 
; 
| 
4 
t 


VALUABLE IN YOUR PRACTICE 


eA monthly chronicle 
rapidly growing role 


of medicine’s 


in industry! 


THE NEW Archives of INDUSTRIAL HYGIENE and OCCUPATIONAL 


MEDICINE 


Edited by: Men of outstanding reputation in the fields 
of industrial health and preventive industrial hygiene 


Prof. Philip Drinker, Boston, Chief Editor 
Robert Kehoe, M.D., Cincinnati; James Sterner, M.D., 
Rochester, N. Y.; Frank Patty, Detroit, Mich.; Theodore 
Hatch, Pittsburgh; Frank Princi, M.D., Denver; Fenn €E. 
M.D., Glendale. Calif.; William A. Sawyer, Rochester, 


Covering the RESEARCH AND FIELD AS 
PECTS of industrial hygiene and the CLINICAI 
AND MEDICAL ASPECTS of occupational indus 
trial health programs 


MERGING the best features of Occupational Medi- 
cine and The Journal of Industrial Hygiene and 
Toxicology. 


Integrated closely with the activities of the Council 
of Industrial Health of the A. M. A. and the Ameri- 
can Industrial Hygiene Association. 

DIRECTLY! OR INDIRECTLY, much of today’s medical 


practice touches upon industry-—serviemg industrial firms, 
attending employees, applying to general practice some of the 
findings of industrial medicine The comprehensive new 
ARCHIVES of INDUSTRIAL HYGIENE and OCCUPA 
TIONAL MEDICINE will bring reports of these important 
developments regularly to hand, with original articles plumb 
ing the problems and day to day experiences of the physician 
in industry; an excellent abstracting service similar to the 
section carried in the Journal of Industrial Hygiene and Toxi 
cology; additional foreign journal abstracting, by special 
arrangement; reviews of current books and reviews of current 
literature 


From the first tssue this better and more useful journal of 
industrial medicine promises to be “must"’ reading for wel! 
informed physicians. 
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